Exhibit B to 

December 2^, 2010 Response 

US 20100105717A1 

(19) United States 

(12) Patent Application Publication (lo) Pub. No.: US 2010/0105717 Al 

Gordon et al. (43) Pub. Date: Apr. 29, 2010 



(54) TACROLIMUS FOR IMPROVED 

TREATMENT OF TRANSPLANT PATIENTS 

(75) Inventors: Robert D. Gordon^ Sandy Springs, 
GA (US); Per Holm, Vanlose (DK); 
Anne-Marie Lademann, 

Klampenborg (DK); To mas 
Norling, Lyngby (DK) 

Correspondence Address: 

DARBY & DARBY P.C. 

P.O. BOX 770, Church Street Station 

New York, NY 10008-0770 (US) 

(73) Assignee: LifeCvcle PharmaA/S, Horsholm 
(DE) ' 

(21) Appl.No.: 12/499,034 

(22) Filed: Jul. 7, 2009 

Related U.S. Application Data 

(63) Continuation-in-part of application No. PCT/ 
DK2008/050130, filed on May 30, 2008. 

(60) Provisional applicationNo. 61/079,015, filedonJul. 8, 
2008. 



(30) Foreign Application Priority Data 

May 30, 2007 (DK) PA 2007 00783 

Nov. 7, 2007 (DK) PA 2007 01 573 

Publication Classification 

(51) Int. CI. 

A61K 31/436 (2006.01) 
C07D 491/18 (2006.01) 
A61P 37/00 (2006.01) 

(52) U.S. CI 514/291; 546/92 

(57) ABSTRACT 

An extended release oral dosage form comprising as active 
substance tacrolimus or a pharmaceutic ally active analogue 
thereof for a once daily immunosuppressive treatment of a 
patient in need thereof, preferable a kidney or liver transplant 
patient. Tlie dosage fonn releases the active substance over an 
extended period of time. It also provides improved pharma- 
cokinetic parameters due to an extended and constant in vivo 
release including substantial decreased peak concentrations, 
despite increased bioavailability, substantial extended times 
for maximal concentration, and higher minimal concentra- 
tions when compared with conventional immediate release 
dosage forms and a recent modified release tacrolimus dosage 
form. 
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TACROLIMUS FOR IMPROVED 
TREATMENT OF TRANSPLANT PATIENTS 

RELATED U.S. APPLICATION 

[0001] This application claims the benefit of U.S. Provi- 
sional Application No. 61/079,015, filed Jul. 8, 2008, whichis 
hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to an extended release 
oral dosage form comprising as active substance tacrolimus 
or a pharmaceutically active analogue thereof for use in a 
once daily immunosuppressive treatment of a patient in need 
thereof which dosage form releases the active substance over 
an very extended period of tune and which m vivo provides a 
high bioavailability and an improved pharmacokinetic profile 
compared to conventional dosage forms. 

BACKGROUND OF THE INV^ENTION 

[0003] Tacrolimus, also known as FK-506 or FR-900506, is 
the active ingredient of Prograf®, Protopic®, and Advagraf® 
approved by the European Agency for the Evaluation of 
Medicinal Products (EMEA) at 23 Apr. 2007. During devel- 
opment of Advagraf® the product has been known as MR4. 
Details of Advagraf is described in the EPARs (European 
Public Assessment Reports) for authorised medicinal prod- 
ucts for human use including the Scientific Discussion paper 
made public by EMEA on approval and the Product Informa- 
fion (label, 25/01/2008 Advagraf-H-C-7,2-T-03) which is 
hereby incorporated by reference. Tacrolimus (Prograf®) 
was approved by the FDA in April of 1994 under NDA No. 
050708 for the prophylaxis of organ rejection in patients 
receiving allogeneic liver transplants. It is also approved in 
the European Union, Japan, Canada and Switzerland and a 
variety of other countries under the same brand name. It is 
approved for the prophylaxis of organ rejection in patients 
receiving allogeneic liver, kidney or heart transplants. It has 
been estimated that 72% of all kidney and 89% of all liver 
transplant recipients are receiving tacrolimus. 
[0004] Tacrolimus, administered as Prograf® capsules, 
exhibits a large inter- and intra-individual variability of its 
absorption and metabolism. Because of this variability, stan- 
dard dosing is not an accurate predictor of concentration. In 
clinical use, tacrolimus dose-adjustments are firequently 
required based on monitoring of tacrolimus trough blood 
concentrations. Tacrolimus appears in the form of white crys- 
tals or crystalline powder It is practically insoluble in water, 
freely soluble in ethanol and very soluble in methanol and 
chlorofonn. 

[0005] The preparation of tacrolimus is described in EP- 
A-0 1 84 162 and analogues of tacrolimus are disclosed e.g. in 
EP-A-0 444 659 and U.S. Pat. No. 6,387,918, which are both 
hereby incorporated by reference. 

[0006] Tacrolimus is a macrolide compound with useful 
immunosuppressive activity, antimicrobial activity and other 
pharmacological activities and is of value for the treatment or 
prevention of rejection reactions by transplantation of organs 
or tissues, graft versus host diseases, autoimmtme diseases 
and infectious diseases. 

[0007] Tacrolimus inhibits T-lymphocyte activation, 
althougli the exact mechanism of action is unknown. Experi- 
mental evidence suggest that tacrolimus binds to an intracel- 
lular protein, FKBP-12. A complex of tacrolimus-FKBP-12, 



calcium, calmodulin, and calcineurin is then formed and the 
phosphatase activity of calcineurin inhibited. This effect may 
prevent the dephosphor>'lation and translocation of nuclear 
factor of activated T-cells, a nuclear component thought to 
imtiate gene transcription for the formation of lymphokmes. 
The net result is the inhibition of T-lymphocyte activation, i.e. 
immuno supression. 

[0008] Tacrolimus is extensively metabolized by the 
CYP3A4 isoenzyme in the gut wall and liver. C YP3 A4 isoen- 
zyme is present or expressed in all segments of the gas- 
trointestinal tract including the colon. It has been observed 
that the absorption is negatively influenced by the simulta- 
neous ingestion of food. Thus, the rate and extent of tacroli- 
mus absorption were greatest under fasted conditions. 
[0009] Tacrolimus is known to induce significant side 
effects, of nephro- or neuro-toxic origin, as well as GI side- 
effects and others. 

[0010] Absorption of tacrolimus from the gastrointestinal 
tract after oral administration is rapid with a mean time-to- 
peak concentration (t„,^,^) of approximately 1-2 hours after 
administration to healthy subjects or kidney or liver trans- 
planted patients, but incomplete and variable. Tlie bioavail- 
ability is generally as low as at the most about 20% after oral 
administration. 

[0011] Frequently observed side effects are vomiting and 
nausea but side effects like tremor, headache, hypertension, 
renal dysfiinction, hyperkalemia, hypomagnesaemia, hyper- 
glycemia, insomnia, diarrhea, constipation, abdominal pain, 
neplu-otoxicity and neurotoxicity are also observed. 
[0012] For oral administration, tacrolimus is originally for- 
mulated and marketed as soft gelatine capsules comprising 
the equivalent of 0.5, 1 or 5 mg anliydrous tacrolimus and 
marketed under the trade name Prograf®. The recommended 
initial oral dose is fi*om about 0. 1 to 0.2 mg/kg/day in patients. 
The dose aims at a certain trough plasma level from about 5 to 
about 20 ng/ml. Prograf® is indicated for the prophylaxis of 
organ rejection in patients receiving allogeneic liver or kidney 
transplants. Details of the clinical pharmacology, pharmaco- 
kinetics, and clinical studies are described in the label 
approved by FDA on Apr. 27, 2006 for Prograf®, NDA no 
50708 which is hereby incorporated by reference. 
[0013] There remains a need for novel pharmaceutical 
compositions and/or dosage forms comprising tacrolimus 
exhibiting enhanced bioavailability and improved pharmaco- 
kinetic properties. An increased bioavailability in combina- 
tion with an extended release formulation may allow a reduc- 
tion in the dosage units taken by a patient, e.g. down to a 
single dose daily without risk of lack of clinical effect due to 
low doses in the last past of the dosing interval. Furthermore, 
fluctuations in the plasma concentration versus time profile 
maybe significantly reduced. Further, enhanced bioavailabil- 
ity may also result in a more reproducible (i.e., less variable 
compared to that of Prograf®) release profile. 
[0014] Sustained release tacrohmus formulations are 
described in W099/49863 (Fujisawa Pharmaceutical Co.) 
inter alia granted as U.S. Pat. Nos. 6,440,458, 6,576,259 and 
6,884,433 relating to a formulation where the time for dis- 
solving 63.2% (T63.2% value) of the tacrohmus is between 
0.7 and 15 hours. However, a formulation where 63.2% is 
released in 42 minutes seems to be only marginally different 
from the conventional inunediate release fonnulation of tac- 
rolimus having 68.4% released in 30 minutes. It is clearly 
stated that when the formulation has a T63.6 value of more 
than 15 hours, the release of the active ingredient will be so 
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retarded that the active ingredient will be eliminated from the 
body before the effective blood concentration is reached. The 
most preferred embodiment is a sustained-release formula- 
tion with a T63.6 value of 2-5 hours. The formulations pre- 
pared according to the examples of the application all have a 
T63.6% value of from 1.9 (the formulation with the fastest 
release) to 8.2 hours for the formulation with the slowest 
release. It is further stated that the tacrolimus is excellently 
absorbed and variation of its absorbability is suppressed with 
the sustained release formulations. From the examples 
therein an improved bioavailability is obtained with all the 
tested formulations. The T63.6% values disclosed for these 
formulations are 3.0, 3.3, 2.0. and 2.5, respectively. Inventors 
of the present application have in the patent application WO 
2005/020993 also tested different formulations of tacrolimus 
in Beagle dogs and minipigs, however demonstrating that 
both a fast release tablet (Example 18) and a slow release 
tablet (Example 19) can result in improved bioavailability 
compared with Prograf®. This indicates that an improved 
bioavailability could be linked to having tacrolimus in a dis- 
solved state in the dosage form which also appears from WO 
2005/020994 by the same inventors relating to solid disper- 
sions comprising tacrolimus. The fast release conventional 
product Prograf® comprises tacrolimus in a physical mixture 
of HPMC, lactose, cross carmellose sodium as described in 
Example 3 1 in W099/49863 referred to above and owned by 
Fujisawa Pharmaceutical Co. (now Astellas) who developed 
Prograf®. 

[0015] One major problem with modified or extended 
release dosage forms relies in the difficult>' in obtaining a 
sufficient absorption in the lower part of the gastrointestinal 
tract as oral dosage forms entering the colon may easily be 
excreted before a substantial release has taken place. The 
release is generally decreased due to the lack of fluids and 
physical interaction of the dosage forms with the increasingly 
more solid content of the colon. In addition, tlie surface of 
absorption is several times smaller than the absorbing surface 
of the small intestines and this factor increases the time where 
the released active substance is subjected to possible degra- 
dation and entrapment in the solids present in the colon. 

BRIEF SUMMARY OF THE INVENTION 

[0016] It is generally accepted that extending the release 
too much may seriously affect the bioavailabilitj-' even with 
substances expected to have a good permeation in the colon. 

For substances being substrates for CYP3 A4, an advantage of 
the smaller concentration of the metabolizing enzymes in the 
lower GI can be expected from a bioavailability point of view. 
On the other hand, the relative higher concentration of the 
transporter system, P-glycoprotein, in the lower GI tract 
including the colon normally counteract the effect of the low 
concentration of CYP3A4 enzymes because the molecules 
that have entered the enterocyte are transported back into the 
intestinal lumen by the transporter. Tacrolimus is a known 
substrate for these mechanisms, both the CYP3A4 metabo- 
lism and the P-glycoprotein transporter system. Accordingly, 
an increased bioavailability cannot be correlated to an exten- 
sion of a release in a simple linear way. The release may be 
carefully tailored to level out several counteracting factors of. 
These factors includes in the colon a lower area for absorp- 
tion, a lower content of fluids, higher content of soHds, bac- 
terial degradation, higher impact from the P-glycoprotein 
transporter system, lower motility, differences in mucosal 
barrier and/or mucous composition and differences in pH 



along the colon compared with the small intestines. Accord- 
ingly, the control and timing of the in vivo release of the 
extended release dosage form in order to obtaui a predictable 
release under the various physical conditions present along 
the GI tract is a challenge, especially bearing in mind that 
inmiune suppressive treatment in transplant patients requires 
blood concentrations witliin very narrow limits to balance 
efficacy (lack of rejection) and side effects (infections, neph- 
rotoxicity, metabolic and cardiovascular disease, etc). Pro- 
viding an improved formulation for a once daily treatment 
where the release is extended to the exact level where the 
resulting pharmacokinetic parameters are fully optimized 
without jeopardizing safety, i.e if ultra- and inter-patient vari- 
ance is high on important pharmacokinetic parameters, if 
correlation bet\veen minimal concentration and bioavailabil- 
ity is not present, a crucial factor in the treatment with a 
narrow therapeutic index drug such as tacrolimus where treat- 
ment failure is closely related to organ rejection and dose 
adjustments needs to take place on a safe basis. Further fac- 
tors decreasing the risk of clinical success with a once daily 
formulation in organ transplant includes high prevalence of 
gastrointestinal complications having impact on the gas- 
trointestinal parameters including transit times, pH, bacterial 
composition and other fiinctions of the GI system. These 
complications include nausea, vomiting, and very frequently 
diarrhea. 

[0017] Accordingly, the present inventors has surprisingly 
found that a dosage form which releases tacrolimus over an 
very extended and controlled period of time is capable of 
delivering tacrolimus in vivo in such a way that the tacrolimus 
at the same time is sufficiently absorbed to be understood in 
the way that tacrolimus is not lost in the lower gastrointestinal 
tract, the release is sufficiently slow to enable a very low 
absorption rate whereby the maximum concentration is con- 
trolled at a lower value and the minimum concentration is 
increased securing efficacy of the treatment for the fiill dosing 
interval of 24 hour Very importantly, the minimum concen- 
tration obtained 24 hour after administration with an 
extended release formulation of the present invention is very 
predictable and can therefore be used as a marker for the 
overall bioavailability because a high correlation is achieved 
between the minimal concentration and the actual bioavail- 
ability observed in the previous 24 hour before the measure- 
ment of the minimal concentration. The muiimal concentm- 
tion can therefore be used safely as a tool for dosing and 
adjustments during the treatment. 

[0018] It is believed that conventional in vitro dissolution 
methods correlate to or at least reflect the actual in vivo 
modified release profile in man. Accordingly, a difference in 
vitro in release rate between two formulations tested under 
the same conditions is expected to reflect a difference in the in 
vivo release rate. However, exceptions may apply if for 
instance one fonnulation has a pH dependent release and the 
other not, and the actual pH values for testing are not chosen 
to detect such difference. A clear example is when testing an 
enteric coated formulation at high pH it provides an immedi- 
ate release in vitro, and a delayed release in vivo. Addition- 
ally, when comparing two extended formulations with differ- 
ent release mechanisms, for instance an osmotic driven 
release mechanism compared with an erodible dependent 
release mechanism, the same in vitro release profiles for the 
tw^o products may in theory result in different in vitro profiles, 
however decreasing or increasing the dissolution rate will be 
reflected in vivo for each product. Accordingly, unless evi- 
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dence to the contrary, and provided the methods are per- 
formed according to the prescriptions of the pharmacopeias, 
the conventional dissolution methods are useiul tools for 
differentiating between formulations and the corresponding 
in vivo properties. In accordance herewith, the present inven- 
tion provides, in its first aspect, an extended release oral 
dosage form comprising as active substance tacrolimus or an 
pharmaceutical active analogue thereof for a once daily 
iimnuno suppressive treatment of a patient in need thereof 
which dosage form releases the active substance over an very 
extended period of time. In a further aspect, the release is 
characterized by a substantial zero order release for a majority 
of the release. 

[0019] Conventional in vitro dissolution methods includes 
the methods described in The United States Pharmacopeia 
(USP) the official public standards -setting authority for all 

prescription and over-the-counter medicines in USA and 
similar pharmacopeias for Europe and Japan. The preferred 
methods include the USP dissolution method I (basket) and 
method II (paddle) at 50 rpm, use of HFC to prevent adher- 
ence of drug to the equipment, and a pH of 4.5 for stability 
reasons. As tacrolimus is not protonized, pH does not affect 
solubility of the drug, however, a pH modification may be 
relevant in case pH sensitive inactive excipients are used in 
the formulation as a pH of 4.5 is not a pH generally present in 
the GI tract. Accordingly, it can be relevant to describe the 
degree of extension of the release with alternative dissolution 
methods. In addition, the extended formulation accordingly 
may be further characterized by additional dissolution meth- 
ods, inter alia methods with different rotation speeds, differ- 
ent pH values, use of dissolution media simulating GI condi- 
tions (e.g simulation of the fasted and fed state, FaSSIP and 
FeSSIP medias), use of additives to the dissolution medium 
such as SLS to increase the wettability^ or the solubility of 
tacrolimus whereby the overall dissolution time measured is 
decreased (dissolution rate is increased). 
[0020] The inventors have found that the bioavailability of 
tacrolimus is significantly increased and pharmacokinetic 
parameters substantially improved when tacrolimus is 
admmistered to a manunal in a extended release composition 
where the release and a timing of release of the active ingre- 
dient, i.e., an in vitro and vivo release profile, is extended for 
more than 15 hours measured by conventional dissolution 
methods used for tacrolimus dosage forms and measured in 
vivo via pharmacokinetic parameters of clinical relevance 
and relevant for proving extension of the release in vivo. 
These pharmacokinetic parameters includes: substantial 
extended time to reaching the maximal concentration; low 
maximal concentrations; liigh minimal concentrations, 
extended mean residence times and at the same time securing 
a surprisingly high bioavailability and excellent correlation 
between minimal concentrations and bioavailability. 
[0021] The extended release i s defined by a release of at the 
most 63.5% of the content of the active substance at the 12 
hours time point defined by in vitro dissolution and when 
tested according to the USP 11 dissolution test (paddle) or 
USP I dissolution test (basket) form in a medium at pH 4.5 
and comprising 0.005% hydroxypropylcellulose, and a rota- 
tion of 50 rpm. In a yet other aspect, the at the most 63.5% 
release of the active substance at the 12 hours time point is 
combined with a release of at least 8% at 4 hours and/'or at 
least 15% at hour 8 to secure a continuous release throughout 
the dosing interval. If no release takes place for several hours 
after administration, the patient is in the risks that the tacroli- 



mus blood concentration continues to fall to a value below the 
desired therapeutic lower limit for several hours of the 24 
hours dosing interval. 

[0022] In yet further aspects , the invention relates to use of 
the extended release composition for a more safe immuno- 
suppressive treatment due to the improved pharmacokinetic 
profile obtained in healthy subjects and patients and demon- 
strated by several single dose and steady state pharmacoki- 
netic trials in comparison with conventional coromercially 
available dosage forms. The safe immunosuppressive treat- 
ment according to the invention also relates to a specific 
dosing regimen for conversion from a treatment on a twice 
daily Prograf® where the conversion is to be performed with 
a dosage in a ratio of 1:0.66-0.80 (according to the closest 
available tablet strength). Such dosage regimen resulting in 
comparable average blood concentrations during the dosing 
interval measured before and after the conversion as well 
similar bioequivalent exposure to Prograf® on other param- 
eters such as AUG and minimum concentration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 shows the dissolution of an extended release 
formulation according to the invention and tested according 
to the USP II dissolution test (paddle) method in a medium at 
pH 4.5, comprising 0.005% hydroxypropylcellulose. and a 
rotation of 50 rpm. 

[0024] FIG. 2 is a scintigraphic evaluation of the location of 
release by use of an extended release formulation according 
to the parameter's of study 003. The figure demonstrates that 
the in vivo release with a formulation according to the present 
invention is extended to a degree where absorption takes 
place in the colon of the individual. 
[0025] FIG. 3 shows blood concentrations of tacrolimus in 
a single dose study in fasted state of healthy volunteers. 
Closed triangles denotes concentration with a 5 mg formula- 
tion according to the present invention, stars denotes a Pro- 
graf® 5 mg formulation; open circles denotes a 2 mg formu- 
lation according to the present invention; closed squares 
denotes 2x2 mg treatment according to the present invention; 
closed diamonds denotes a Prograf I' 4x1 mg treatment; ver- 
tical line denotes Prograf® 2x1 mg treatment. The study is 
described in Table A herein, as study 002. 
[0026] FIG. 4 shows the dissolution of a preferred formu- 
lation of the invention having a composition similar to the one 
described in Example 20. Triangles depicts treatment with a 1 
mg formulation, squares with a 2 mg formulation. Further, the 
dissolution of the conunercial product Advagraf® used for 
comparison in Example 20 are present where stars relates to 
a 0.5 mg, cross to a 1 mg and circles to a 5 mg Advagraf® 
product. The release is measured in percentage dissolved over 
time disclosed in hours. The dissolution method used is USP 
II dissolution test (paddle) method in a medium adjusted to 
pH 4.5, comprising 0.005% hydroxypropylcellulose, and a 
rotation of 50 rpm. 

[0027] FIG. 5 discloses steady state blood profiles obtained 
before conversion (Prograf® day 7 steady state) and after 
conversion on day 14 and day 21 to the extended release 
formulation according to the present invention in stable liver 
patients. Squares denote Prograf® bid day 7, circles LCP- 
Tacro once daily on day 17, and diamonds depict LCP tacro 
once daily on day 21. The details of the study are disclosed 
herein in Example 19. The profiles show the actual profiles 
after conversion to a lower dose with the formulation accord- 
ing to the invention. 
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[0028] FIG. 6 shows the dose corrected steady state blood 
profiles of FIG. 5. 

[0029] FIG. 7 shows the PK profile of LCP-Tacro Tablets 
versus Advagraf® Capsules in steady state, fasting condi- 
tions. 

[0030] FIG. 8: Discloses the blood plasma concentrations 
after administration of the same single dosage of tacrolimus 
as Advagraf® 2x1 mg capsules open circles and as LCT- 
Tacro 2 mg tablet according to the present invention. The 
study is outlined in Example 20. 

[0031] FIG. 9: Discloses steady state blood profiles 
obtained before conversion (Prograf® day 7 steady state) and 
after conversion on day 1 4 and day 21 to the extended release 
formulation according to the present invention in stable liver 
patients. Squares denotes Prograf® bid day 7, circles LCP- 
Tacro once daily on day 17, and diamonds LCP tacro once 
daily on day 21 . The details of the study are disclosed herein 
in Example 19. The profiles disclose the actual profiles after 
conversion to a lower dose with the formulation according to 
the invention. 

[0032] FIG. 10: Discloses the does corrected steady state 
blood profiles of FIG. 9. 

DETAILED DESCRIPTION OF THE INVENTION 
Definitions 

[0033] As used herein, the term "active ingredient" or 

"active pharmaceutical ingredient" means any component 
that is intended to furnish pharmacological activity or other 
direct effect in the diagnosis, cure, mitigation, treatment, or 
prevention of disease, or to affect the structure or any function 
of the body of man or other animals. The term includes those 
components that may undergo chemical change in the manu- 
facture of the drug product and are present in the drug product 
in a modified form intended to fiimish the specified activity or 
effect. 

[0034] In the present context, the term "hydrophilic" 
describes that something likes water, i.e. a hydrophilic mol- 
ecule or portion of a molecule is one that typically is electri- 
cally polarized and capable of forming hydrogen bonds with 
water molecules, enabling it dissolve more readily in water 
than in oil or other "non-polar" solvents. 
[0035] In the present context, the term '*amphiphilic" 
describes a molecule (as a surfactant) having a polar water- 
soluble group attached to a water-insoluble hydrocarbon 
chain. Thus, one end of the molecule is hydrophilic (polar) 
and the other is hydrophobic (non-polar). 
[0036] In the present context, the term "hydrophobic" 
denotes a compound tending to be electrically neutral and 
non-polar, and thus preferring other neutral and nonpolar 
solvents or molecular environments. 

[0037] As used herein, the temi "vehicle" means any sol- 
vent or carrier fluid in a pharmaceutical product that has no 
pharmacological role. For example, water is the vehicle for 
xilocalne and propylene glycol is the vehicle for many anti- 
biotics. 

[0038] In the present context, the term "solid dispersion" 
denotes a drug or active ingredient or substance dispersed on 

a particulate level in an inert vehicle, carrier, diluent or matrix 
in the solid state, i.e. usually a fine particulate dispersion. 
[0039] In the present context, the term "solid solution" 
denotes a drug or active ingredient or substance dissolved on 
a molecular level in an inert vehicle, carrier, diluent or matrix 
in the solid state. 



[0040] As used herein, the term "analogue" means a chemi- 
cal compound that is structurally similar to another. 
[0041] The term "drug" means a compound intended for 

use in diagnosis, cure, mitigation, treatment, or prevention of 
disease in man or other animals. 

[0042] In this context, the term "dosage form" means the 
form in which the drug is delivered to the patient. This could 
be parenteral, topical, tablet, oral (liquid or dissolved pow- 
der), suppository, inhalation, transdermal, etc. 
[0043] As used herein, the term "bioavailability" denotes 
the degree means to which a drug or other substance becomes 
available to the target tissue after administration. 
[0044] As used herein, the term "bioequivalency" denotes a 
scientific basis on which generic and brand name drugs are 
compared with one another. For example, drugs are 
bioequivalent if they enter chculation at the same rate when 
given in similar doses under similar conditions. Parameters 
often used in bioequivalence studies are t^„^.^^, c^^^^^^, AUCq. 

infinity^ AUCq_^_ O^/^er relevant parameters may be W50^ ^75 ^l^d/or 

MRT. Accordingly, at least one of these parameters may be 
applied when determining whether bioequivalence is present. 
Furthermore, in the present context, two compositions are 
regarded as bioequivalent if the value of the parameter used is 
within 80-125% of that of Prograf® or a similar conuner- 
cially available tacrolimus-containing product used in the 
test. 

[0045] In the present context "t^^^" denotes the time to 
reach the maximal plasma concentration (c^^) after admin- 
istration; AUCo_^„yj,„^. denotes the area under the plasma con- 
centration versus time curve from time 0 to infinity; AUCq.^^ 
denotes the area under the plasma concentration versus time 
curve lirom time 0 to time t; Wg^ denotes the time where the 
plasma concentration is 50% or more of C^^x^ W75 denotes 
the tune where the plasma concentration is 75% or more of 
C^^; and MRT denotes mean residence time for tacrolimus 
(and/or an analogue thereof). Swing denotes (C^^-C^,„)/ 
<^rnin fluctuatlou (C^,,-C^,„)/C,,,,,^,. The fluctuation is 
suitable for the comparison of dosage forms providing differ- 
ent bioavailability. 

[0046] In this context, the temi "medicine" means a com- 
pound used to treat disease, injury or pain. Medicine is justly 
distributed into "prophylactic," i.e. the art of preserving 
health, and "therapeutic", i.e. the art of restoring health. 
[0047] In the present context, the terms "controlled release" 
and "modified release" are intended to be equivalent terms 
covering any type of release of tacrolimus from a composition 
of the invention that is appropriate to obtain a specific thera- 
peutic or prophylactic response after administration to a sub- 
ject. A person skilled in the art knows how controlled release/ 
modified release differs from the release of plain tablets or 
capsules. The terms "release in a controlled manner" or 
"release in a modified manner" have the same meaning as 
stated above. The terms include slow release (that results in a 
lower C^^,^d later t^^, but t % is unchanged), extended 
release (that results in a lower C^^, later t^^^, but apparent t 
% is longer); delayed release (that result in an unchanged 
C^^, but lag time and, accordingly, t^^^ is delayed, andt %) is 
unchanged) as well as pulsatile release, burst release, sus- 
tained release, prolonged release, chrono -optimized release, 
fast release (to obtain an enlianced onset of action) etc. 
Included in the terms is also e.g. utilization of specific con- 
ditions within the body, e.g. different enzymes or pH changes 
in order to control the release of the drug substance. The term 
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extended release is chosen as this tenn is believed to most 
correctly cover the in vivo release of the product. 
[0048] In this context, the term "erosion" or "eroding" 
means a gradual breakdown of the surface of a material or 
structure, for example of a tablet or the coating of a tablet. The 
term as used herein generally denotes the dissolution of a 
polymer responsible for extending the release being is faster 
than the dissolution of the active substance whereby the poly- 
mer erodes faster than the active substance is dissolved. In 
other words the release is primarily controlled by the erosion 
and not by the dissolution of the active substance in the 
polymer matrix system. 

[0049] The present invention provides pharmaceutical 
products for improved treatment of conditions that respond to 
tacrolimus treatment, especially treatments where an immu- 
nosuppressive effect is desired. 

[0050] The active ingredient in the inventive compositions 
is preferably tacrolimus or any analogue or derivative of 
tacrolimus, which exliibits either a pharmacological or a 
therapeutical activity, which is at least equivalent to that of 
tacrolimus (FK-506 or FR-900506). However, within the 
scope of the present invention is tacrolimus in any physical 
form (crystals, amorphous powder, any possible polymorphs, 
any possible solvates including the hydrate, anhydrate, com- 
plexes thereof etc.). Included is also any analogue, derivative 
or active metabolite of tacrolimus, pharmaceutical^ accept- 
able salts, solvates, complexes and prodrugs thereof. How- 
ever, it is contemplated that a smaller particle size in micro 
and nano scale and preferable a molecular solution will con- 
tribute to a predictable and constant in vivo release of tacroli- 
mus. 

[0051] Thus, in a preferred embodiment, the present inven- 
tion provides an extended release oral dosage form compris- 
ing as active substance tacrolimus or an pharmaceutical active 
analogue thereof for a once daily immunosuppressive treat- 
ment of a patient in need thereof which dosage form releases 
the active substance over an extended period of time defined 
by a release of at the most 63.5% of the content of the active 
substance at the 12 hours time point defined by in vitro dis- 
solution and when tested according to the USP II dissolution 
test (paddle) or USP I dissolution test (basket) form in a 
medium at pH 4.5 and comprising 0.005% hydroxypropyl- 
cellulose, and a rotation of 50 rpm. It is generally accepted 
that the basket dissolution apparatus may be more suitable for 
capsules and the paddle dissolution apparatus is more suitable 
for disintegration tablets. However, the most suitable disso- 
lution apparatus may be easily recognized via testing whether 
highest conformity is obtained by the one or other apparatus. 
[0052] In a further embodiment, at the most 63.5% of the 
active substance is released at the 13 hours time point, more 
preferred at the 14 hours tune point, such as at the 15 hours 
time point. In a preferred embodiment the in vitro release is 
taking place at a constant rated whereby a substantial zero 
order release profile may be obtained over an extended period 
of tune. As a sufficient release is required at a time where the 
dosage form may have reached the colon such corresponding 
period where zero order release is desired may be defined by 
the release from 8 hours to 15 hours when tested according to 
the USP II dissolution test (paddle) or USP I dissolution test 
(basket) form in a medium at pH 4.5 and comprising 0.005% 
hydroxypropylcellulose, and a rotation of 50 rpm. As a solid 
dosage form may leave the stomach soon after ingestion or 
may be retained there for several hours before reacliing the Gl 
tract, it is also desured that the more initial release is well 



controlled as measured by a in vitro release which is an 
substantial zero order release profile over an extended period 
of time defined by the release fi-om 2 hours to 10 hours when 
tested according to the USP II dissolution test (paddle) or 
USP I dissolution test (basket) form in a medium at pH 4.5 
and comprising 0.005% hydroxypropylcellulose, and a rota- 
tion of 50 rpm. 

[0053] In another embodiment of the invention, the addi- 
tion of a surfactant to the release medium provides a release 
rate of the substance whereby the release of at the most 80% 
of the active substances is extended for a period of at least 7 
hours, such as at least 8 hours, such as at least 9 hours, such as 
at least 10 hours, such as at least 1 1 hours, such as at least 12 
hours such as at least 13 hours when tested in vitro according 
to the USP II dissolution test (paddle) or USP I dissolution 
test (basket) in a medium at pH 4.5 and comprising 0.005% 
hydroxypropylcellulose and further comprisuig 0.5% sodium 
lauryl sulfate (SLS), and a rotation of 50 rpm 
[0054] As mentioned previously, if the release is too 
extended the dosage form may be excreted before it has 
released completely or the release takes place too distally for 
a sufficient distribution. Accordingly, the content of the dos- 
age form should be released with the rates indicated herein, 
however not be extended beyond a period of at the most 24 
hours, such as at the most 23 hours, such as at the most 22 
hours, such as at the most 21 hours such as at the most 21 
hours, such as at the most 21 hours such as at the most 18 
hours such as at the most 1 7 hours such as at the most 1 6 hours 
calculated for 80%> of the content and with the addition of 
0.5% sodium lauryl sulfate (SLS) to the dissolution medium. 
[0055] Altematively, or additionally, the dosage form is 
fulfilhng the following condition wherein 63.5%) of the 
release of the active substance is extended for a period of at 
the most 20 hours such as at the most 18 hours. Shorter 
dissolution periods may also be preferred as the upper limit 
such as at the most 16 hours such as at the most 15.5 hours 
also when tested in vitro according to the USP II dissolution 
test (paddle) or USP I dissolution test (basket) form in a 
medium at pH 4.5 and comprising 0.005% hydroxypropyl- 
cellulose, and a rotation of 50 rpm. 

[0056] An extended release oral dosage wherein the release 
begins within 120 min such as within 90 minutes, such as 
within 60 minutes after deposition of the dosage fonn in the 
dissolution apparatus when tested in vitro according to the 
USP II dissolution test (paddle) or USP I dissolution test 
(basket) form in a medium at pH 4.5 and comprismg 0.005%) 
hydroxypropylcellulose, and a rotation of 50 rpm is indicative 
for a composition which will provide a predictable release 
profile as long as the release in the initial period, such as 
within the first 2 hours is not to fast. If no release takes place 
shortly after administration, the patient is in risk of to low 
concentrations. The patient is generally titrated according to 
the blood concentrations observed iromediately before 
ingesting a daily dosage being the minimum concentration 
observed during the day. A delay inrelease will provide a later 
unknown minimal concentration. 

[0057] The following release characteristics is regarded as 

within the scope of the invention: 

[0058] a) An extended release oral dosage form which 
releases at the most about 20% w/w of the active substance 
within 1 hours, or within 2 hour, or within 3 hours, or within 
4 hours or within 5 hours, when tested in vitro according to the 
USP II dissolution test (paddle) or USP I dissolution test 
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(basket) form in a medium at pH 4.5 and comprising 0.005% 
hydroxypropylcellulose, and a rotation of 50 rpm. 
[0059] b) An extended release oral dosage form which 
releases 40% w/w of the active substance within 10 to 14 
hours such as, e.g., within about 1 1 to 13 hours, when tested 
in vitro according to the USP II dissolution test (paddle) or 
USP I dissolution test (basket) form in a medium at pH 4.5 
and comprising 0.005% hydroxypropylcellulose, and a rota- 
tion of 50 rpm. 

[0060] c) An extended release oral dosage form which 
releases 20% w/w of the total amount of the active substance 
released within 6 to 10 hours such as, e.g., within about 7 to 9 
hours, when tested in vitro according to the USP II dissolution 
test (paddle) or USP I dissolution test (basket) form in a 
mediimi at pH 4.5 and comprising 0.005% hydroxypropyl- 
cellulose, and a rotation of 50 rpm. 

[0061] d) An extended release oral dosage form which 
releases 50% w/w of the active substance within 13 to 17 
hours such as, e.g., within about 14 to 16 hours, when tested 
in vitro according to the USP II dissolution test (paddle) or 
USP I dissolution test (basket) form in a medium at pH 4.5 
and comprising 0.005% hydroxypropylcellulose, and a rota- 
tion of 50 rpm. 

[0062] e) An extended release oral dosage form wherein the 
release profile is substantially linear in the period from 4 to 8 
hours defined as a gradient or slope being witliin 25% of the 
gradient or slope measured at hour 6, such as within 15%, 
preferable within 10%. 

[0063] f) An extended release oral dosage form wherein the 
release profile is substantially linear in the period from 6 to 1 0 
hours defined as a gradient or slope being within 25% of the 
gradient or slope measured at hour 8, such as within 1 5%, 

preferable within 10%. 

[0064] g) An extended release oral dosage form wherein the 
release profile is substantially linear in the period from 8 to 1 2 
hours defined as a gradient or slope being within 25% of the 
gradient or slope measured at hour 10, such as within 15%, 
preferable within 10%. 

[0065] h) An extended release oral dosage form wherein the 
release profile is substantially linear in the release period 
from the time point where 20% is released to the time point 

where 50% is released defined as a gradient or slope at the 
80% time point being within 25% of the gradient or slope 
measured at the 20% time point. 

[0066] i) An extended release dosage form according to any 
of the preceding claims wherein the release extending mecha- 
nism is not by a permeation controlling coat. 
[0067] It is believed that release profile characteristics 

defined above significantly enhances the bioavailability of 
tacrolimus in mammals, since all or a major part of the active 
ingredient is in fact released in the gastrointestinal tract in 
such as manner that CYP3A4 metabolism is substantially 
avoided or at least significantly reduced. Further, it is con- 
templated that this effect is correlated to or at least reflected to 
the in vitro dissolution profile of the phamiaceutical compo- 
sition and/or dosage forms of the invention, which profile is 
easily found when subjecting the composition and/or dosage 
form to a conventional in vitro dissolution method specified. 
[0068] The desired release profile of the pharmaceutical 
composition may be provided by combining one or more of 
the following possibilities. 

[0069] i) coating the composition with an enteric coat- 
ing; and/or 



[0070] ii) using a pharmaceutical composition compris- 
ing a solid dispersion or solid solution of active ingredi- 
ent, i.e. tacrolimus or an analogue thereof, in a hydro- 
philic or water-miscible vehicle and one or more 
modifying release agents; and/or 

[0071] iii) using a pharmaceutical composition compris- 
ing a solid dispersion or solid solution of active ingredi- 
ent, i.e. tacrolimus or an analogue thereof, in a hydro- 
phobic vehicle and optionally one or more modifying 
release agents. 

[0072] An entero-coated formulation may however have 
the disadvantage of delaying the release without extending 
the release and should therefore be used in combination with 

an extending technology. 

[0073] In another embodiment of the invention, and more 
preferred there is provided a extended release tacrolimus- 
containing pharmaceutical composition having the active 
ingredient dissolved or dispersed in a hydrophobic vehicle as 
described herein, preferably in an oil, an oily material, a wax 
or a fatty acid derivative, more preferably a wax having a low 
melting point such as for example glyceryl monostearate. 

[0074] In yet another embodiment of the invention, there is 
provided a extended release tacrolimus -containing pharma- 
ceutical composition having the active ingredient dissolved 
or dispersed in a hydrophilic or water-miscible vehicle as 
described herein, preferably a vehicle selected among poly- 
ethylene glycols, polyoxy ethylene oxides, poloxamers, poly- 
oxyethylene stearates, poly-epsilon caprolactone, polygly- 
colized glycerides such as Gelucire®, and mixtures thereof, 
more preferably polyetliylene glycol optionally in mixture 
with a poloxamer. A specific example of a useful mixture is a 
mixture of 70 w/w % polyethylene glycol 6000 (PEG6000) 
and 30 w/w % poloxamer 1 88. 

[0075] In a lurtlier aspect, the present invention relates to a 
pharmaceutical composition in particulate form comprising 
tacrolimus and'^or an analogue thereof together with one or 
more pharmaceutically acceptable excipients, wherein the 
composition upon oral administration to a maromal in need 
thereof exhibits an AUC/AUC^^^^^^ value of at least about 
1 .3, the AUG values being determined under similar condi- 
tions. 

[0076] As it appears from the examples herein that the 
bioavailability obtained after administration of a composition 
according to the invention is maikedly improved. Thus, in 
specific embodiments, the AUC/AUCp^^^^y^gj value is at least 
about 1 .25 such as about 1 .5 or more, about 1 .8 or more, about 
1 .9 or more, about 2.0 or more, the AUG values being deter- 
mined under similar conditions. 

[0077] After oral administration of a pharmaceutical com- 
position according to the present invention it is contemplated 
that the plasma concentration versus time profile show an 
extended period of time in which the plasma concentration is 
maintained within the therapeutic window (i.e., the plasma 
concentration leads to a therapeutic effect) without leading to 
serious unwanted side effects. Thus, a reduction in peak con- 
centration is also observed. Accordingly, the invention relates 
to a pharmaceutical composition in particulate form compris- 
ing tacrolimus together with one or more pharmaceutically 
acceptable excipient, wherein the composition upon oral 
administration to a manmial in need thereof releases tacroli- 
mus in a controlled manner and exhibits a C^,^,^ that is at the 
most about 80% of that of G^^^ for Prograf® tablets such as, 
e.g., at tlie most about 75%, at the most about 70%, at the most 
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about 65%, at the most about 60%, at the most about 55%. at 
the most about 50%, at the most about 45% or at the most 
about 40%. 

[0078] In the present context the terms controlled release 
and extended release are intended to be equivalent terms 
covering any type of release of tacrolimus from a composition 
of the invention that is appropriate to obtain a specific thera- 
peutic or prophylactic response after administration to a sub- 
ject. A person skilled in the art knows how controlled release/ 
extended release differs from the release of plain tablets or 
capsules. The terms "release in a controlled manner" or 
"release in a extended manner" have the same meaning as 
stated above. 

[0079] The terms controlled release/extended release 
include slow release (that results in a lower C^^x l^ter 
t^^, but t % is unchanged), extended release (that results in a 
lower C^ax^ l^ts^* ^max^ apparent t % is longer); delayed 
release (that result in an unchanged C^^. but lag time and, 
accordingly, t^^ is delayed, and t % is unchanged) as well as 
pulsatile release, burst release, sustained release, prolonged 
release, chrono-optimized release, fast release (to obtain an 
enhanced onset of action) etc. Included in the tenns is also e.g. 
utilization of specific conditions within the body e.g. different 
enzymes or pH changes in order to control the release of the 
drug substance. 

[0080] To be more specific, after oral administration to a 
mammal, including a human, of a pharmaceutical composi- 
tion according to the present invention containing a dose of 5 
mg tacrolimus, tacrolimus is released in a controlled manner 
and will exhibit a C^^^ that is at the most about 30 ng/ml such 
as, e.g. at the most about 25 ng/'ml or at the most about 20 
ng/ml. 

[0081] However, a reduction in peak concentration may not 
lead to a decrease in therapeutic effect as long as the plasma 
concentration of tacrolimus is maintained within the thera- 
peutic window. Accordingly, the present invention also 
relates to a pharmaceutical composition, wherein W50 is at 
least about 2 hours, such as, e.g. , at least about 3 hours, at least 
about 4 hours, at least about 5 hours, at least about 6 hours, at 
least about 7 hours, at least about 8 hours, at least about 9 
hours, about 10 hours or more, about 1 1 hours or more, about 
12 hours or more, about 13 hours or about 14 hours or more. 
[0082] Furthermore or moreover, a composition according 
to the invention has a C^^[C^^-C^ (t=12 hours)] that is less 
than that of Prograf® under the same conditions. If C^^for 
Prograf® is set to 1 00 then C^^^f a composition according to 
the invention is normally 90 or less such as, e.g., about 85 or 
less, about 80 or less, about 75 or less, about 70 or less, about 
65 or less, about 60 or less, about 55 or less, about 50 or less, 
about 45 or less or about 40 or less. 

[0083] More specifically, after oral administration to a 
manmial, including a human, of a pharmaceutical composi- 
tion of the invention containing 5 mg of tacrolimus, tacroli- 
mus is released in a controlled mamier and exliibits a C^^y of 
about 20 ng/mL or less such as, e.g., about 1 5 ng/mL or less, 
about 13 ng/mL or less or about 10 ng/mL or less. 
[0084] A pharmaceutical composition according to the 
invention releases tacrolimus in a controlled manner in order 
to extend the therapeutic action of tacrolimus. In one aspect 
the release may be pH dependant, i.e. the release predomi- 
nantly takes place after passage of the stomach. Such a pH 
dependent release is mainly provided by means of enteric 
coating material as described herein. The release may also be 
pH independent, e.g., by providing the composition with a 



controlled release coating such as, e.g. a cellulose based 
coating like e.g. ethyl cellulose or by providing the composi- 
tion in the form of a matrix composition such as, e.g., a 
hydrophilic cellulose polymer matrix type e.g. based on 
HPMC. A combination may of course also be employed. 
[0085] In general, the change in bioavailability and/or the 
changes in other bioavailability related parameters are nor- 
mally determined by in vivo studies in a suitable animal 
model testing the compositions in question together with e.g. 
Prograf I or a similar commercially available tacrolimus- 
containing product. The use of a dog model for establishing 
evidence of the bioavailabihty of certain formulations is gen- 
eral practice in the pharmaceutical industry. 
[0086] The studies relevant for tacrolimus are non-radom- 
ized, cross-over studies, where each dog is its own control. 
Four dogs, and four treatments are normally applied. As no iv 
injections are given, the bioavailabilities obtained are rela- 
tive. 

[0087] Further it has surprisingly been found that the need 
for simultaneous food intake in order to secure a sufficient 
uptake of tacrolimus is significantly reduced or even com- 
pletely abolished. 

[0088] Thus, the pharmaceutical compositions according 
to the invention provide significant higher bioavailability of 
tacrolimus, which may reduce the number of daily admmis- 
tered dosage units, and reduce or abolish the need for admin- 
istration in connection with food intake, which provide for a 
higher degree of Ireedom for the recipient of the pharmaceu- 
tical compositions, and consequently the patients acceptance 
and/or compliance may be significantly improved. Further- 
more, the compositions provide a significant reduction in side 
effects, especially side effect related to a high peak concen- 
tration (such as, e.g., nephro- and neuro-toxicity, diarrhea, 
constipation, abdominal pain, nausea etc) and provide for an 
extended release of tacrolimus leading to a better therapy. 
[0089] A further advantage of an extended-release-dosage- 
form invention is the possibility^ of obtaining an effective 
therapeutic response with a decreased dosage compared to 
traditional oral treatment. A similar bioavailability and an 
improved profile after administration in a dose is that is at the 
about most about 85% w/w such as, e.g., at the most about 
80% w/w, at the most about 75%, at the most about 70% w/w, 
at the mo St about 65% w/w, at the most about 60% w/w, at the 
most about 55% w/w or at the most about 50% w/w of the 
dose of tacrolimus administered in the form of Prograf® or a 
similar commercially available tacrolunus-containing prod- 
uct or as a commercial available extended release product 
including Advagraf®. 

[0090] Parameters often used in bioequivalence studies are 
Kra... C,,,^, AUCo.,„^„,.,^, AUCo.,. other relevant parameters 
may be W50; W75 and/or MRT. Accordingly, at least one of 
these parameters may be applied when determining whether 
bioequivalence is present. Furthermore, in the present con- 
text, two compositions are regarded as bioequivalent if value 
of the parameter used is within 80-125% of that of Prograf® 
or a similar commercially available tacrohmus-containing 
product used in the test. 

[0091] In the present context "t^„^^^" denotes the time to 
reach the maximal plasma concentration (c,^^^) after admin- 
istration; AUCo_^,^^„^^ denotes the area under the plasma con- 
centration versus time curve from time 0 to infinity; AUCq.^ 
denotes the area under the plasma concentration versus time 
curve from time 0 to time t; W50 denotes the time where the 
plasma concentration is 50% or more of C^^, W75 denotes 
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the time where the plasma concentration is 75% or more of 
C^axi MRT denotes mean residence time for tacrolimus 
(and/or an analogue thereof). 

[0092] Two other main disadvantages associated with treat- 
ment or prophylaxis with tacrolunus is the relative high inci- 
dence of side effects and a relatively high inter-individual 
variation. It is envisaged that a composition according to the 
invention will lead to a reduction in side effects. The reduc- 
tion may be in terms of reduced frequency or in terms of 
severit}^ The side effects in question include e.g., nephro- and 
neuro-toxicity, diarrhea, constipation, abdominal pain, nau- 
sea etc . In one aspect the invention concerns a pharmaceutical 
composition in particulate fonn comprising tacrolimus or an 
analogue thereof together with one or more phannaceutically 
acceptable excipient, wherein the composition upon oral 
administration to a mammal in need thereof releases tacroli- 
mus or an analogue thereof in a controlled manner and 
reduces side effects compared to those of Prograf® adminis- 
tered under the same conditions and in a dose that provides an 
equivalent therapeutic effect. 

[0093] Increasing the bioavailability^, the .\rea Under the 
Curve (AUC), will normally reduce the intra- and inter- vari- 
abihty related to absorption of a drug substance. This is par- 
ticularly true; whenever the low and impaired bioavailability 
is a consequence of poor water solubihty. It is contemplated 
that compositions according to the mvention will provide a 
CV (Coefficient of Variation) on Area under Curve data that 
are significantly smaller than with Prograf® and like prod- 
ucts. 

[0094] As mentioned herein, one of the basic features of the 
present invention is that it is possible to obtain an improve- 
ment in the bioavailability by oral administration of an 
extended release dosage form according to the invention. 
Normally, a low bioavailability of a drug substance after oral 
administration is a barrier for design of a controlled or 
extended release composition of the drug substance due to the 
fact that it is almost impossible to obtain effective drug levels 
over a prolonged period of time. However, with the present 
tecluiology it is possible to obtain a significantly improved 
bioavailability and thereby possible to design controlled, 
extended or delayed release compositions. 
[0095] Tacrolimus is extensively metabohzed by the 
CYP3A4 isoenz>^me in the gut wall and liver. Accordingly, a 
suitable controlled release composition may be a composition 
that is designed to release tacrolimus in a delayed maimer so 
as to avoid or reduce the CYP3A4 metabolism in the gas- 
trointestinal tract. 

[0096] Delayed release is mainly brought about by some 
kind of enteric coating. Whereas semi -permeable coating will 
show some kind of delayed release, it does not preciously 
enough "delay" release. Additionally it requires a certain 
amount of time to release the content. The coating sought for 
this invention, is a pH dependant coating. This type of coating 
is very resistant to release of drug until a certain pH is 
reached. Within ver>' few Vioth of pH, the film alters proper- 
ties and becomes permeable. Examples of pH-sensitive poly- 
mers, which are relatively insoluble and impermeable at the 
pH of the stomach, but which are more soluble and permeable 
at the pH of the small intestine and colon include, but not 
limited to polyacrylamides, phthalate derivatives such as acid 
phtlialates of carbohydrates, amylose acetate phthalate, cel- 
lulose acetate phthalate, other cellulose ester phthalates, cel- 
lulose ether phthalates, hydroxypropylcellulose phthalate, 
hydroxypropylethylcellulose phthalate, hydroxypropylmeth- 



ylcellulose phthalate, methylcellulose phthalate, polyvinyl 
acetate phthalate, polyvinyl acetate hydrogen phtlialate, 
sodium cellulose acetate phthalate, starch acid phthalate, sty- 
rene-maleic acid dibutyl phthalate copolymer, styrene-maleic 
acid polyvmylacetate phthalate copolymer, styrene and 
maleic acid copolymers, polyacrylic acid derivatives such as 
acrylic acid and acrydic ester copolymers, polymethacrylic 
acid and esters thereof, poly acryhc methacrylic acid copoly- 
mers, shellac, and vinyl acetate andcrotonic acid copolymers. 
[0097] pH-sensitive polymers of specific interest include 
shellac; phthalate derivatives, particularly cellulose acetate 
phthalate, polyvinylacetate phthalate, and hydroxypropylm- 
ethylcellulose phthalate; polyacr>dic acid derivatives, par- 
ticularly polymethyl methacrylate blended with acrylic acid 
and acrylic ester copolymers; and vinyl acetate and crotonic 
acid copolymers. 

[0098] The release of the active substance from a compo- 
sition having a delayed release coating could also be an enzy- 
matic reaction, if for example Zein or mono/di-glyceride 
mixtures are employed as coating material. 
[0099] Upon oral administration to a mammal, including a 
hiunan, in need thereof, a controlled release pharmaceutical 
composition according to the present invention releases tac- 
rolimus in such a manner that a plasma concentration of at 
least about 5 ng/ml such as, e.g., at least about 7.5 ng^mL or 
at least about 10 ng/mL for a time period of at least about 24 
hours is obtained. In a specific aspect of the invention the 
difference between the peak plasma concentration and 
plasma concentration measured 24 hours after administration 
is at the most about 20 ng/mL such as, e.g., at the most about 
10 ng/ml, at the most about 7.5 ng/mL or at the most about 5 
ng/mL. 

[0100] In a specific aspect, the invention provides a phar- 
maceutical composition or a solid dosage form that releases 
tacrolimus and/'or an analogue thereof relatively fast so as to 
enable a relatively fast onset of therapeutic effect. In one 

aspect, the invention relates to a pharmaceutical composition 
in particulate fonn comprising tacrolimus and/or an analogue 
thereof together with one or more phannaceutically accept- 
able excipient, wherein the composition upon oral adminis- 
tration to a manunal in need thereof in a controlled manner 
releases at least about 50% w/w of the total amount of tac- 
rolimus or an analogue thereof within about 24 hours, such as, 
e.g., within about 22 hours, within about 20 hours, within 
about 18 hours, within about 15 hours or within about 12 
hours. 

[0101] Furthermore or alternatively, at least about 50% 
w/w of the total amount of tacrolimus and/or an analogue 
thereof is released within about 24 hours, within about 22 
hours, within about 20 hours, within about 18 hours, within 
15 hours, within about 12 hours, when tested in an in vitro 
dissolution test and employing a dissolution medium com- 
prising a buffer having pH 7.5. Guidance for a suitable dis- 
solution test is described in the Examples herein, but varia- 
tions with respect to the specific method employed and the 
ingredients contained in the dissolution medium etc. are 
within the scope of the present invention. A person skilled in 
the art will know how to carry out a suitable dissolution test 
e.g. with guidance from USP, Ph.Eur. and the like including 
the FDA database of Dissolution Method for Drug Products. 
Suitable conditions for the in vitro dissolution test are 
employing USP dissolution test (paddle method) and a buffer 
pH 7.5 containing 2.5% SDS and 1 g/mL of pancreatin as 
dissolution medium. 
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[0102] In other embodiments, the following conditions are 
fulfilled with respect to in vitro dissolution test: 
[0103] In other embodiments, the following conditions are 
fulfilled with respect to in vitro dissolution test performed 
under acidic conditions: 

[0104] i) at the most about 30% w/w such as, e.g., at the 
most about 25% w/w, at the most about 20% w/w. at the 
most about 15% w/w or at the most about 10% w/w of 
tacrolimus or an analogue thereof is released within 2 
hours in an in vitro dissolution test employing a disso- 
lution medium having a pH of at the most about 5 such 
as, e.g. at the most about 4.5, at the most about 4, at the 
most about 3,5, at the most about 3, at the most about 2 
or at the most about 1.5; 
[0105] ii) at the most about 10% w/w such as, e.g.. at the 
most about 7.5% w/w, at the most about 5% w/w or at the 
most about 2.5% w/w of tacrolimus or an analogue 
thereof is released within 2 hours in an in vitro dissolu- 
tion test employing a dissolution medium having a pH of 
at the most about 5 such as, e.g. at the most about 4.5. at 
the mo st about 4, at the most about 3 . 5 , at the most about 
3, at the most about 2 or at the most about 1 .5; 
[0106] iii) at the most about 60% w/w such as, e.g., at the 
most about 50% w/w, at the most about 40% w/w or at 
the most about 30% w/w of tacrolimus or an analogue 
thereof is released within 15 hours such as. e.g., widiin 
about 1 2 hours, when tested in an in vitro dissolution test 
employing a dissolution medium having a pH of at the 
most about 4.5 such as, e.g. at the most about 4.0, at the 
most about 3.5, at the most about 3, at the most about 2 
or at the most about 1.5; 
[0107] iv) at the most about 40% w/w such as, e.g., at the 
most about 30% w/w, at the most about 25% w/w or at 
the most about 20% w/w of tacrolimus or an analogue 
thereof is released within 6 hours when tested in an in 
vitro dissolution test employing a dissolution medium 
having a pH of at the most about 4.5 such as, e.g. at the 
most about 4.0, at the most about 3.5, at the most about 
3, at the most about 2 or at the most about 1 .5, and/or 
[0108] v) at the most about 30% w/w such as. e.g.. at the 
most about 25% w/w, at the most about 20% w/w or at 
the most about 15% w/w of tacrolimus or an analogue 
thereof is released within 4 hours when tested in an in 
vitro dissolution test employing a dissolution medium 
having a pH of at the most about 4.5 such as, e.g. at the 
most about 4.0, at the most about 3.5, at the most about 
3, at the most about 2 or at the most about 1 .5. 
[0109] Apart from tacrolimus, a composition of the inven- 
tion may also comprise a further therapeutically, prophylac- 
tically andy'or diagnostically active substance. Notably com- 
binations of tacrolimus with at least one of the following 
active substances are of interest: Substances that are indicated 
for use in connection with organ transplantation such as. e.g., 
steroids, calcuieurin inhibitors and/or anti-proliferative 
agents. Specific examples include prednisone, prednisolone, 
methylprednisone, cyclosporin, mycophenolate mofetil, aza- 
thioprine, sirolimus, everolimus, mycophenolate sodium, and 
FTY720 (Novartis). 

[0110] The pharmaceutical compositions may be prepared 
by any convenient method such as, e.g., granulation, mixing, 
spray drying etc. A particularly usehil method is the method 
described in WO 03/004001 . Herein is described a process for 
the preparation of particulate material by a controlled 
agglomeration method, i.e. a method, which enables a con- 



trolled growth in particle size. The method involves spraying 
a first composition comprising e.g. tacrolimus and a carrier, 
which has been melted, onto a second sohd carrier medium. 
Normally, the meltable carrier has a melting point of at least 
5° C. but lower than the mehing point of tacrolimus. The 
melting point of the carrier may be in the range of 10° C. to 
1 50° C, such as, e.g., in the range of 30° C. to 1 00° C . or in the 
range of 40° C. to 50° C. is most preferred. 
[0111] It is within the skills of the average practioner to 
select a suitable carrier being pharmaceutical acceptable, 
capable of dissolving or at least partly dissolve tacrolimus and 
having a melting point in the desired range using general 
knowledge and routine experimentation. Suitable candidate 
for carriers are described in WO 03/004001 , which is herein 
incorporated by reference. 

[0112] In the present context, suitable carriers are e.g. those 
mentioned as an oil or an oily-like material (as discussed later 
herein) as well as those disclosed in WO 03/004001 . 

[0113] An advantage of using the controlled agglomeration 
method described in WO 03/004001 is that it is possible to 
apply a relatively large amount of a melt to a particulate 
material without having an undesirable growth in particle 
size. Accordingly, in one embodiment of the invention, the 
particulate material of a pharmaceutical composition has a 
geometric weight mean diameter of ^ 10 such as. e.g. 
20 urn, from about 20 to about 20W), from about 30 to about 
2000, from about 50 to about 2000, from about 60 to about 
2000, from about 75 to about 2000 such as, e.g. fi*om about 
100 to about 1500 jim, from about 100 to about 1000 ^im or 
fi-om about 100 to about 700 |im, or at the most about 400 um 
or at the most 300 |mi such as, e.g., from about 50 to about 400 
|Lim such as, e.g., from about 50 to about 350 |im, from about 
50 to about 300 |Lim, from about 50 to about 250 |Lim or from 
about 100 to about 300 |im. 

[0114] The particulate material obtained by the above- 
mentioned method has suitable properties with respect to 
flowabilit>' and/or compressibility and is therefore suitable 
for further processing into pharmaceutical dosage forms. 
Solid Dispersion and/or Solid Solution of Tacrolimus 
[0115] The solid dispersion or solid dispersion used in a 
preferred embodiment of the invention comprises an active 
ingredient selected among tacrolimus and analogues thereof, 
which ingredient is dispersed or dissolved in a hydrophilic or 
water-miscible vehicle having a melting point (freezing point 
or pour point) of at least 20° C. in a concentration of between 
about 0.01 w/w % and about 1 5 w/w %, and which dispersion 
is forming a solid dispersion or solid solution at ambient 
temperature (room temperature). 

[0116] The concentration of the active ingredient in the 
hydropliilic or water-miscible vehicle is at the most 15 w/w 
%, preferably at the most 10 w/w %, preferably at the most 8 
w/w %, more preferably at the most 6 w/w %, even more 
preferably at the most 5 w/w %, at the most 4% w/w, espe- 
cially at the most 3 w/w %, in particular at the most 2% w/w; 
and/or is at least about 0.05 w/w %, preferably at least about 
0.1 w/w %, more preferably at least about 0.5 w/w %, espe- 
cially at least about 0.7 w/w %, in particular at least about 1 
w/w %. 

[0117] Physically, the combination of active ingredient and 
vehicle may either fomi a solid dispersion, i.e. the active 
ingredient is dispersed in the veliicle in particulate form, or 
may form a solid solution, i.e. the active ingredient is dis- 
solved in the vehicle at a molecular level. The active ingredi- 
ent and the vehicle may also form a solid dispersion having 



us 2010/0105717 Al 



10 



Apr. 29, 2010 



therein a part of the active ingredient dissolved at a molecular 
level. The physical state of the dispersion and'or solution may 
be determined by using various tecliniques such as Hot Stage 
Microscopy (HSM), Differentia] Scanning Calorunetry 
(DSC), Scanning Electron Microscopy (SEM) optionally in 
combination with Energy Dispersive X-ray (EDX), and 
X-ray powder diffraction. In a preferred embodiment, the 
active ingredient is fully dissolved in the vehicle to form a 
solid solution at ambient temperature. 
[0118] The solid dispersion of the invention extdbits a very 
fast immediate release of tacrolimus, when a composition 
comprising the dispersion or solution is tested in a dissolution 
test according to USP using an aqueous dissolution medium, 
and at least 50 w/w % of the active pharmaceutical ingredient 
is released within about 30 minutes, preferably within 20 
minutes, more preferably within 1 5 minutes; such as at least 
75 w/w % of the active pharmaceutical ingredient is released 
within about 40 minutes, or even better at least 90 w/w % of 
the active pharmaceutical ingredient is released within about 
60 minutes, preferably within 45 minutes. For example, the 
test may be carried out according to the any method and any 
specifications cited in USP. Thus, the dissolution test may be 
carried out in an aqueous dissolution medium at a neutral or 
near-neutral pH, for example at pH 6.8, or at any acidic pH 
simulating the pH conditions in the gastrointestinal tract. 
However, variations with respect to the specific method 
employed and the ingredients contained in the dissolution 
medium etc. are within the scope of the present invention. A 
person skilled in the art will know how to carry out a suitable 
dissolution test e.g. with guidance from USP, Ph.Eur. and the 
like. Suitable conditions for the in vitro dissolution test are 
employing USP dissolution test (paddle method) and a buffer 
pH 7.5 containing 2.5% SDS and 1 g/mL of pancreatin as 
dissolution medium. 

[0119] The hydrophilic or water-miscible vehicle to be 
used according to the invention is preferably one havuig a 
melting point (freezing point or pour point) of at least 20° C, 
more preferably at least 30° C, more preferably at least 40° 
C, more preferably at least 50° C, even more preferably at 
least 52° C, even more preferably at least 55° C, even more 
preferably at least 59° C, especially at least 61° C, in par- 
ticular at least 65° C. 

[0120] Examples of useful hydrophihc or water-miscible 
vehicles to be used according to tliis invention are selected 
from the group consisting of polyethylene glycols, polyoxy- 
ethylene oxides, poloxamers, polyoxyethylene stearates, 
poly-epsilon caprolactone, polyglycolized glycerides such as 
Gelucire®, and mixtures thereof. 

[0121] In a preferred embodiment of the invention, the 
vehicle is a polyethylene glycol (PEG), in particular a PEG 
having an average molecular weight of at least 1 500, prefer- 
ably at least 3000, more preferably at least 4000, especially at 
least 6000. The polyethylene glycol may advantageously be 
mixed with one or more other hydropfdlic or water-miscible 
vetdcles. for example a poloxamer, preferably in a proportion 
(on a weight/wei^t basis) of between 1:3 and 10:1, prefer- 
ably between 1:1 and 5:1, more preferably between and 3:2 
4:1, especially between 2:1 and 3:1, in particular about 7: 3. A 
specific example of a useful mixture is a mixture of PEG6000 
and poloxamer 188 in the ratio 7:3. 

[0122] For polyethylene glycols (PEG), the melting point 
(freezing point or pour point) increases as the average 
molecular weight increases. For example, PEG 400 is in the 
range of 4-8° C, PEG 600 is in the range of 20-25° C., 



PEG1500 is in the range of 44-48° C., PEG2000 is about 52° 
C., PEG 4000 is about 59° C., PEG 6000 is about 65° C. and 
PEG 8000 is about 61° C. 

[0123] Useful poloxamers (also denoted polyoxypropy- 
lene-polyoxyethylene block copolymers) are for example 
poloxamer 188, poloxamer 237, poloxamer 33 8 or poloxamer 
407 or other block copolymers of ethylene oxide and propy- 
lene oxide such as the Pluronict® and/or Tetronic® series. 
Suitable block copolymers of the Pluronic® series include 
polymers having a molecular weight of about 3,000 or more 
such as, e.g. from about 4,000 to about 20,000 and/or a 
viscosity (Brookfield) from about 200 to about 4,000 cps such 
as, e.g., from about 250 to about 3,000 cps. Suitable examples 
include Pluronic® F38, P65, P68LF, P75. F77, P84, P85, F87, 
F88, F98, P103, P104, P105, F108, P123, F123, F127, 10R8, 
17R8, 25R5, 25R8 etc. Suitable block copolymers of the 
Tetronic® series include polymers having a molecular weight 
of about 8,000 or more such as. e.g., from about 9,000 to 
about 35,000 and/or a viscosity (Brookfield) of from about 
500 to about 45,000 cps such as, e.g., from about 600 to about 
40,000. The viscosities given above are determined at 60° C. 
for substances that are pastes at room temperature and at 77° 
C. for substances that are solids at room temperature. 
[0124] In a preferred embodiment of the present invention, 
the poloxamer is poloxamer 188, which has an average 
molecular weight of about 8400 and a melting point of about 
50-54° C. 

[0125] Other usefiil hydropliilic or water-miscible vehicles 
may be polyvinylpyrrolidones, polyvinyl-polyvinylacetate 
copolymers (PVP-PVA), polyvinyl alcohol (PVA), poly- 
methacrylic polymers (Eudragit RS; Eudragit RL, Eudragit 
NE, Eudragit E). cellulose derivatives including hydroxypro- 
pyl methylcellulose (HPMC), hydroxypropyl cellulose 
(HPC), methylcellulose, sodium carboxymethylcellulose, 
hydroxy ethyl cellulose, pectins, cyclodextrins, galactoman- 
nans, alginates, carragenates, xanthan gums and mixtures 
thereof. 

[0126] "Polyglycolized glycerides" denotes a mixture of 
mono-, di- and triglycerides and polyethylene glycol (PEG) 
mono- and diesters, preferably of molecular weight between 
200 and 600, where appropriate of free glycerol and free PEG, 
whose HLB value is adjusted by the length of the PEG chain, 
and whose melting point is adjusted by the length of the 
chains of the fatty acids, of the PEG and by the degree of 
saturation of the fatty chains, and hence of the starting oil; 
examples of such mixtures are Gelucire®. Gelucire® com- 
positions are inert semi-solid waxy materials which are 
amphiphilic in character and are available with var>dng physi- 
cal characteristics. They are surface active in nature and dis- 
perse or solubilize in aqueous media forming micelles, micro- 
scopic globules or vesicles. They are identified by their 
melting point/HLB value. The melting point is expressed in 
degrees Celsius and the HLB (HydiDphile-Lipophile Bal- 
ance) is a numerical scale extending from 0 to approximately 
20. Lower HLB values denote more lipophilic and hydropho- 
bic substances, and higher values denote more hydrophilic 
and lipophobic substances. The affinity of a compound for 
water or for oily substances is determined and its HLB value 
is assigned experimentally. One or a mixture of different 
grades of Gelucire® excipient may be chosen to achieve the 
desired characteristics of melting point and/or HLB value. 
They are mixtures of monoesters, diesters and^or tri esters of 
glycerides of long chain {C^2 to Cig) fatty acids, and PEG 
(mono- and^or di) esters of long chain (C^, to C^g) fatty acids 
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and can include free PEG. Gelucire® compositions are gen- 
erally described as fatty acid esters of glycerol and PEG esters 
oraspolyglycolized glycerides. Gelucire® compositions are 
characterized by a wide range of melting points of from about 
33° C. to about 64° C. and most commonly from about 35° C. 
to about 55° C, and by a variety of HLB values of from about 
1 to about 14, most commonly from about 7 to about 14. For 
example, Gelucire® 50/13 designates a melting point of 
approximately 50° C. and an HLB value of about 13 to this 
grade of Gelucire®. 

Pharmaceutically Acceptable Excipients 

[0127] Examples of suitable excipients for use in a compo- 
sition or solid dosage form according to the present invention 
include fillers, diluents, disintegrants, binders, lubricants and 
the like and mixtures thereof. As the composition or solid 
dosage form according to the invention may be used for 
different purposes, the choice of excipients is normally made 
taken such different uses into considerations. Other pharma- 
ceutically acceptable excipients for suitable use are e.g. acidi- 
fying agents, alkalizing agents, preser\^atives, antioxidants, 
buffering agents, chelating agents, coloring agents, complex- 
ing agents, emulsifying and/or solubilizing agents, flavors 
andperfumes, humectants, sweetening agents, wetting agents 
and the like. 

[0128] Examples of suitable fillers, diluents and/or binders 
include lactose (e.g. spray -dried lactose, a-lactose, |3-lactose, 
Tabletose®, various grades of Pharmatose®, Microtose® or 
Fast-Floe), microcrystalline cellulose (various grades of 
Avicel®, Elcema®, Vivacel®, Ming Tai® or Solka-Floc®), 
hydroxypropylcellulose, L-h3^droxypropylcellulose (low 
subsfituted). hydroxypropyl methjdcellulose (HPMC) (e.g. 
Methocel E, F andK, Metolose SH of Shin-Etsu, Ltd, such as, 
e.g. the 4,000 cps grades of Methocel E and Metolose 60 SH, 
the 4,000 cps grades of Methocel F and Metolose 65 SH, the 
4,000, 15,000 and 100,000 cps grades of Methocel K; and the 
4,000, 15,000, 39,000 and 100,000 grades of Metolose 90 
SH), methylcellulose polymers (such as, e.g., Methocel A, 
Methocel A4C, Methocel A15C, Methocel A4M), hydroxy- 
ethylcellulose, sodium carboxymethylcellulose, carboxym- 
ethylene, carboxymethylhydroxyethylcellulose and other 
cellulose derivatives, sucrose, agarose, sorbitol, mannitol, 
dextrins, maltodextrins, starches or modified starches (in- 
cluding potato starch, maize starch and rice starch), calcium 
phosphate (e.g. basic calcium phosphate, calcium hydrogen 
phosphate, dicalcium phosphate hydrate), calcium sulfate, 
calcium carbonate, sodium alginate, collagen etc. 
[0129] Specific examples of diluents are e.g. calcium car- 
bonate, dibasic calcium phosphate, tribasic calcium phos- 
phate, calcium sulfate, microcrystalline cellulose, powdered 
cellulose, dextrans, dextrin, dextrose, fructose, kaohn, lac- 
tose, mamiitol, sorbitol, starch, pregelatinized starch, 
sucrose, sugar etc. 

[0130] Specific examples of disintegrants are e.g. alginic 
acid or alginates, microcrystalline cellulose, hydroxypropyl 
cellulose and other cellulose derivatives, croscarmellose 
sodium, crospovidone, polacrillin potassium, sodium starch 
glycolate, starch, pregelatinized starch, carboxymethyl starch 
(e.g. Primogel® and Explotab®) etc. 

[0131] Specific examples of binders are e.g. acacia, alginic 
acid, agar, calcium carrageenan, sodium carboxymethylcel- 
lulose, microcrystalline cellulose, dextrin, ethylcellulose. 



gelatin, liquid glucose, guar gum, hydroxypropyl methylcel- 
lulose, methylcellulose, pectin, PEG, povidone, pregelati- 
nized starch etc. 

[0132] Glidants and lubricants may also be included m the 
composition. Examples include stearic acid, magnesium 
stearate, calcium stearate or other metallic stearate, talc, 
waxes and glycerides, light mineral oil, PEG, glyceryl behen- 

ate, colloidal silica, hydrogenated vegetable oils, com starch, 
sodium stearyl fiimarate, polyetltylene glycols, alkyl sulfates, 
sodium benzoate, sodium acetate etc. 
[0133] Other excipients which may be included in a com- 
position or solid dosage form of the invention are e.g. fiavor- 
ing agents, coloring agents, taste-masking agents, pH-adjust- 
ing agents, buffering agents, preservatives, stabilizing agents, 
anti-oxidants, wetting agents, humidity-adjusting agents, sur- 
face-active agents, suspending agents, absorption enhancing 
agents, agents for extended release etc. 
[0134] Other additives in a composition or a solid dosage 
form according to the invention may be antioxidants like e.g. 
ascorbic acid, ascorbyl palmitate, butylated hydroxyanisole, 
butylated hydroxy toluene, hypophosphorous acid, mono- 
thioglycerol, potassium metabisulfite, propyl gallate, sodium 
formaldehylde sulfoxylate, sodium metabisulfite, sodium 
thiosulfate, sulfiar dioxide, tocopherol, tocopherol acetate, 
tocopherol hemisuccinate, TPGS or other tocopherol deriva- 
tives, etc. The carrier composition may also contain e.g. sta- 
bilizing agents. The concentration of an antioxidant and'or a 
stabilizing agent in the carrier composition is normally Irom 
about 0.1% w/w to about 5% w/w. 

[0135] A composition or sohd dosage form according to the 
invention may also include one or more surfactants or sub- 
stances having surface -active properties. It is contemplated 
that such substances are involved in the wetting of the slightly 
soluble active substance and thus, contributes to improved 
solubility characteristics of the active substance. 
[0136] Suitable excipients for use in a composition or a 
solid dosage form according to the invention are surfactants 
such as, e.g., amphiphillic surfactants as those disclosed in 
WO 00/50007 in the name of Lipocuie, Inc. Examples of 
suitable surfactants are 

[0137] i) polyethoxylated fatty acids such as, e.g. fatty 
acid mono- or diesters of polyethylene glycol or mix- 
tures thereof such as, e.g. mono- or diesters of polyeth- 
ylene glycol with lauric acid, oleic acid, stearic acid, 
myristic acid, ricinoleic acid, and the polyethylene gly- 
col may be selected from PEG 4, PEG 5, PEG 6, PEG 7, 
PEG 8, PEG 9, PEG 10, PEG 12, PEG 15, PEG 20, PEG 
25, PEG 30, PEG 32, PEG 40, PEG 45, PEG 50, PEG55, 
PEG 100, PEG 200, PEG 400, PEG 600, PEG 800, PEG 
1000, PEG 2000, PEG 3000, PEG 4000, PEG 5000, 
PEG 6000, PEG 7000, PEG 8000. PEG 9000, PEG 
1000, PEG 10,000, PEG 15,000, PEG 20,000, PEG 
35,000, 

[0138] ii) polyethylene glycol glycerol fatty acid esters, 
i.e. esters like the above-mentioned but in the form of 
glyceryl esters of the individual fatty acids; 

[0139] iii) glycerol, propylene glycol, ethylene glycol, 
PEG or sorbitol esters with e.g. vegetable oils like e.g. 
hydrogenated castor oil, almond oil, palm kernel oil, 
castor oil, apricot kemel oil, olive oil, peanut oil, hydro- 
genated palm kemel oil and the like, 

[0140] iv) polyglycerized fatty acids like e.g. polyglyc- 
erol stearate, polyglycerol oleate, polyglycerol ricino- 
leate, polyglycerol linoleate, 
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[0141] v) propylene glycol fatty acid esters such as, e.g. 
propylene glycol monolaurate, propylene glycol ricino- 
leate and the like, 
[0142] vii) mono- and diglycerides like e.g. glyceryl 
monooleate, glyceryl dioleae, glyceryl mono- and'or 
dioleate. glyceryl caprylate, glyceryl caprate etc.; 
[0143] vii) sterol and sterol derivatives; 
[0144] viii ) polyethylene glycol sorbitan fatty acid esters 
(PEG-sorbitan fatty acid esters) such as esters of PEG 
with the various molecular weights indicated above, and 
the various Tween® series; 
[0145] ix) polyethylene glycol alkyl ethers such as, e.g. 

PEG ° lejd ether and PEG lauryl ether; 
[0146] x) sugar esters like e.g. sucrose monopalmitate 

and sucrose monolaurate; 
[0147] xi) polyethylene glycol alkyl phenols like e.g. the 

Triton® X or N series; 
[0148] xii) polyoxyethylene-polyoxypropylene block 
copolymers such as, e.g., the Pluronic® series, the Syn- 
peronic®: series, Emkal>'x®, Lutrol®, Supronic® etc. 
The generic term for these polymers is "poloxamers" 
and relevant examples in the present context are Polox- 
amer 105, 108, 122, 123, 124, 181, 182, 183, 184, 185, 
188, 212, 215, 217, 231, 234, 235, 237, 238, 282, 284, 
288, 331, 333, 334, 335, 338, 401, 402, 403 and 407; 
[0149] xiii) sorbitan fatty acid esters like the Span® 
series or Ariacel® series such as, e.g. sorbinan mono- 
laurate, sorbitan monopalmitate, sorbitan monooleate, 
sorbitan monostearate etc.; 
[0150] xiv) lower alcohol fatty acid esters like e.g. oleate, 

isopropyl myristate, isopropyl palmitate etc.; 
[0151] xv) ionic surfactants including cationic, anionic 
and zwitterionic surfactants such as, e.g. fatty acid salts, 
bile salts, phospholipids, phosphoric acid esters, car- 
boxylates, sulfates and sulfonates etc. 
[0152] When a surfactant or a mixture of surfactants is 
present in a composition or a solid dosage form of the inven- 
tion, the concentration of the surfactant(s) is normally in a 
range of from about 0.1-80% w/w such as, e.g., from about 
0. 1 to about 20% w/w, from about 0. 1 to about 1 5% w/w, from 
about 0.5 to about 10% w/w. or alternatively, from about 0.10 
to about 80% w/w such as, e.g. from about 10 to about 70% 
w/w, from about 20 to about 60% w/w or from about 30 to 
about 50% w/w. 

[0153] In a specific aspect of the invention, the at least one 
of the one or more pharmaceutically acceptable excipient is 
selected from the group consisting of silica acid or a deriva- 
tive or salt thereof including silicates, silicon dioxide and 
polymers thereof; magnesium aluminosilicate and/or magne- 
sium aluminometasilicate, bentonite, kaolin, magnesium tri- 
silicate, montmorillonite and/or saponite. 
[0154] Such materials are is especially useful as a sorption 
material for oils or oily -like materials in pharmaceuticals, 
cosmetics and/or foodstuff. In a specific embodiment, the 
material is used as a sorption material for oils or oily-like 
materials in pharmaceuticals. The material that has the ability 
to function as a sorption material for oils or oily -like materials 
is also denoted "oil sorption material". Furthermore, in the 
present context the term "sorption" is used to denote "absorp- 
tion" as well as "adsorption". It should be understood that 
whenever one of the terms is used it is intended to cover the 
phenomenon absorption as well as adsorption. 
[0155] Notably, the pharmaceutically acceptable excipient 
may comprise a silica acid or a derivative or salt thereof such 



as, e.g., silicon dioxide or a polymer thereof as a pharmaceu- 
tically acceptable excipient. Dependent on the quality 
employed a silicon dioxide may be a lubricant or it may be an 
oil sorption material. Qualities fulfilling the latter fimction 
seem to be most important. 

[0156] In a specific embodiment, a composition or solid 
dosage form according to invention comprises a pharmaceu- 
tically acceptable excipient that is a silicon dioxide product 
that has properties corresponding to Aeroperl® 300 (avail- 
able fi^om Degussa, Frankfurt, Germany). 
[0157] As it appears from the examples herein, a very suit- 
able material is Aeroperl® 300 (including materials with 
properties like or corresponding to those of Aeroperl® 300). 
[0158] Use of an oil sorption material in compositions or 
dosage forms according to the invention is very advantageous 
for the preparation of pharmaceutical, cosmetic, nutritional 
and/or food compositions, wherein the composition com- 
prises oil or an oily-like material. One of the advantages is 
that is it possible to incorporate a relatively large amount of 
oil and oily-like material and still have a material that is solid. 
Thus, it is possible to prepare solid compositions with a 
relatively higli load of oil or oily -like materials by use of an oil 
sorption material according to the invention. Within the phar- 
maceutical field it is an advantage to be able to mcorporate a 
relatively large amount of an oil or an oily -like material in a 
solid composition especially in those situation where the 
active substance does not have suitable properties with 
respect to water solubility (e.g. poor water solubility), stabil- 
ity in aqueous medium (i.e. degradation occurs in aqueous 
mediimi), oral bioavailability (e.g. low bioavailability) etc., 
or in those situations where it is desired to modify the release 
of an active substance from a composition in order to obtain 
a controlled, delayed, sustained and/or pulsed deliver}^ of the 
active substance. Thus, in a specific embodiment it is used in 
the preparation of pharmaceutical compositions. 
[0159] In an important embodiment of the invention, at 
least apart of tacrolimus andy'oran analogue thereof is present 
in the composhion in the form of a solid solution including a 
molecular dispersion and a solid dispersion. Normally, 10% 
or more such as, e.g., 20% or more, 30% or more, 40% or 
more, 50% or more, 60% or more, 70% or more, 80% or more, 
90% or more such as, e.g., 95% or more or about 100% w/w 
of tacrolimus and/or an analogue thereof is present in the 
composition in the form of a sohd dispersion. 
[0160] A solid dispersion may be obtained in different ways 
e.g. by employing organic solvents or by dispersing or dis- 
solving the active substance in another suitable medium (e.g. 
an oil or an oily-like material that is in liquid form at room 
temperature or at elevated temperatures). 
[0161] Solid dispersions (solvent method) may for example 
be prepared by dissolving a physical mixture of the active 
substance (e.g. a drug substance) and the carrier in a common 
organic solvent, followed by evaporation of the solvent. The 
carrier is often a hydropliiHc polymer. Suitable organic sol- 
vents include pharmaceutical acceptable solvent in which the 
active substance is soluble such as methanol, ethanol, meth- 
ylene chloride, chloroform, ethylacetate, acetone or mixtures 
thereof. 

[0162] Suitable water soluble carriers include polymers 
such as polyethylene glycol, poloxamers, polyoxyethylene 
stearates, poly-e-caprolactone, polyvinylpyrrolidone (PVP), 
polyvinylpyrrolidone-polyvinylacetate copolymer PVP- 
PV^\ (Kollidon VA64), poly-methacrylic polymers 
(Eudragit® RS, Eudragit® RL, Eudragit® NE, Eudragit® E) 
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and polyvinyl alcohol (PVA), liydroxypropyl cellulose 
(HPC), hydroxypropyl methyl cellulose (HPMC), methyl 
cellulose, and poly(ethylene oxide) (PEO). 
[0163] Polymers containing acidic functional graups may 
be suitable for solid dispersions, which release the active 
substance in a preferred pH range providing acceptable 
absorption in the intestines. Such polymers may be one or 
more selected from the group comprising hydroxypropyl 
methylcellulose plitalate (HMPCP), polyvinyl acetate phta- 
late (PVAP), hydroxypropylmethylcellulose acetate succi- 
nate (HPMCAS), alginate, carbomer, carboxymethylcellu- 
lose, methacrylic acid copolymer (Eudragit L. Eudragit S), 
shellac, cellulose acetate phthalate (CAP), starch glycolate, 
polacrylin, methyl cellulose acetate phtalate, hydroxypropy- 
ulcellulose acetate phthalate, cellulose acetate terephtahalate, 
cellulose acetate isophthalate and cellulose acetate trimelli- 
tate. 

[0164] Relative to the amount of the active substance and 
the polymer in the solid dispersion, the weight ratio of active 
substance to polymer may be in a range of from about 3: 1 to 
about 1:20. However, naiTower ranger of from about 3:1 to 
about 1:5. such as, e.g., from about 1:1 to about 1:3 or about 
may also be used. 

[0165] The solid dispersion is preferably formed by spray 
drying techniques, controlled agglomeration, freeze-drying 
or coating on carrier particles or any other solvent removal 
process. The dried product contains the active substance 
present in the form of a solid dispersion including a molecular 
dispersion and a solid solution. 

[0166] As an alternative to the use of organic solvents the 
dmg and polj^mer may be co -grinded or extruded at elevated 
temperatures (melt extrusion). 

[0167] The pharmaceutical compositions comprising tac- 
rolimus at least partly in form of a solid dispersion or solution 
may in principle be prepared using any suitable procedure for 
preparing pharmaceutical compositions known within the art. 

[01 68] Apart from using the organic solvent based method, 
solid dispersion or solid solutions of tacrolimus and/or an 
analogue thereof may be obtained by dispersing and/or dis- 
solving tacrolimus in the carrier composition used in the 
controlled agglomeration method. Stabilizing agents etc. 
may be added in order to ensure the stability of the solid 
dispersion/solution. 

[01 69] In another aspect, the invention relates to a method 
for the preparation of a pharmaceutical composition accord- 
ing to the invention. In general, any suitable method within 
the pharmaceutical field may be employed. However, in order 
to enable incorporation of a relatively high amount of an oil or 
an oily -like material especially the method described in WO 
03/004001 has proved useful. WO 03/004001 is hereby incor- 
porated by reference. The method comprises spraying a first 
composition in liquid form, said composition comprising a 
first vehicle or carrier and having a melting point above 5° C. 
onto a second composition comprising a second support or 
carrier material, said second composition e.g. bemg in the 
fiuidized state and having a temperature below the melting 
point of the first vehicle or carrier. The active substance may 
be present in the first vehicle or carrier composition and^or in 
the second support or carrier composition. However, in those 
cases where tacrolimus and/or an analogue thereof are 
present, at least partly, in the form of as a solid dispersion, it 
is advantageous to incorporate or dissolve tacrolimus and''or 
an analogue thereof in the first vehicle or carrier composition. 
WO05020993A1 and WO05020994A1 of the present inven- 



tors additionally describe tacrolimus compositions by use of 
the technology and with extended release formulations 
thereof and are hereby mcorporated by reference. 

Solid Dosage Forms 

[0170] The pharmaceutical composition according to the 
invention is in particulate form and may be employed as such. 
However, in many cases it is more convenient to present the 
composition in the form of granules, pellets, microspheres, 
nanoparticles and the hke or in the form of solid dosage forms 
including tablets, capsules and sachets and the like. 
[0171] A solid dosage form according to the invention may 
be a single unit dosage form or it may in the form of a 
poly-depot dosage fonn contain a multiplicity of individual 
units such as, e.g., pellets, beads and/or granules. 
[0172] A solid dosage form according to the present inven- 
tion comprises a pharmaceutical composition in particulate 
form as described above. The details and particulars disclosed 
under this main aspect of the invention apply mutatis mutan- 
dis to the other aspects of the invention. Accordingly, the 
properties with respect to mcrease in bioavailability, changes 
in bioavailability parameters, lack of diurnal effect as well as 
release of tacrolimus and/or an analogue thereof, etc., 
described and^or claimed herein for pharmaceutical compo- 
sitions in particulate form, are analogous for a solid dosage 
form according to the present invention. 
[0173] The recommended dosage range for Prograf® is 0. 1 
to 0.2 mg/kg^day given every 12 hours in two divided doses. 
Importantly, the blood levels have to be monitored. 
[0174] The t^^pical level for 1 -3 months is 7-20 ng/niL and 
4-12 months the levels should be 5-15 ng/mL. This is only 
guiding values and may vary from types of transplant and 
ethnicity. 

[0175] The following was found for kidney transplant 
patients. 
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[0176] The expected dosage recommendation for products 
of the present invention will be from 0.02 mg/kg/day to 0. 15 
mg/kg/day, dosed once a day. Suitable dosage forms 
(strength) range from OT mg to 15 mg of tacrolimus, prefer- 
ably a strength selected from 0.5 mg, 1 mg, 2 mg and 5 mg. 
[0177] As demonstrated herein by scintigraphy and shown 
in FIG. 2, the release according to the present invention can 
take place even in the distal part of the colon and still being 
distributed to the mucosa and absorbed. The absorption of the 
extended release dosage fonn according to the invention is 
one where the in vivo release after oral administration to a 
subject takes place substantially in the colon such as release in 
one or more of the locations of colon ascendens, colon trans- 
versum and colon decendens. 
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[0178] Different embodiments of the invention relating to 
preferred pharmacokinetic parameters obtained with the 
extended release dosage form according to present invention 
are listed below. 

[0179] In one embodiment, the invention relates to an 
extended release dosage form which when administered to a 
subject or a number of subjects provides an intra subject 
and/or an inter subject variability of the mean blood of 
tacrolimus which relative to that obtained from administra- 
tion of the commercial product Advagraf® (MR4) dosage 
form or a bioequivalent extended release dosage form is 
decreased with at least 10%, such as at least 15%, such as at 
least 17.5%, such as at least 20%, such as at least 22.5%, such 
as at least 25%, such as at least 27.5% such as at least 30% 
when being determined under similar conditions and admin- 
istered in similar molecular dosages of the tacrolimus. 
[0180] In one embodiment, the invention relates to an 
extended release dosage form which when administered to a 
subject or a number of subjects provides an intra subject 
and^or an inter subject variability of the mean blood C,„^^^ 
and^or AUC,.o_oo ) of tacrolimus which relative to that obtained 
from administration of the commercial product Advagraf® 
(MR4) or a bioequivalent extended release dosage form is 
decreased with at least 10%, such as at least 15%, such as at 
least 17.5%, such as at least 20%. such as at least 22.5%, such 
as at least 25%, such as at least 27.5% such as at least 30% 
when being determined under similar conditions and admin- 
istered in similar molecular dosages of the tacrolimus. 
[0181] In one embodiment, the invention relates to an 
extended release dosage form, wliich when administered to a 
subject or a number of subjects provides a decreased C„,^ 
value relative to that obtained by administration of the com- 
mercial product Advagraf® (MR4) or a bioequivalent 
extended release dosage form of at least about 1 0%, or at least 
about 15%, or at least about 20%, or at least about 30%, or at 
least about 35%, or at least about 40 or more, or at least about 
45%, or at least about 50%, or at least about 55%, the C^^ 
values being determined under similar conditions and admin- 
istered in similar molecular dosages of the tacrolimus. 
[0182] In one embodiment, the invention relates to an 
extended release dosage form form which when administered 
to a subject or a number of subjects provides an increased 
bioavailability relative to that obtained by administration of 
the commercially product Advagraf® (MR4) or a bioequiva- 
lent extended release dosage form of at least about 20%, or at 
least about 25%, or at least about 30%, or at least about 35%, 
or at least about 40%, or at least about 45%, or at least about 
50%, or at least about 55%, or at least about 60%, such as at 
least 65%, the bioavailability being determined as AUC(O-oo) 
and under similar conditions and administered in similar 
molecular dosages of the tacrolimus. 
[0183] In one embodiment, the invention relates to an 
extended release dosage form which when administered to a 
subject or a number of subjects provides an intra subject 
and^or an inter subject variability of the mean blood T^^^ of 
tacrolimus which relative to that obtained by administmtion 
of the commercially available Prograf® dosage form or a 
bioequivalent inmiediate release tacrolimus dosage form is 
decreased with at least 10%, such as at least 15%, such as at 
least 17.5%, such as at least 20%. such as at least 22.5%, such 
as at least 25%, such as at least 27.5% such as at least 30% 
when being detemiined under similar conditions and admin- 
istered in similar molecular dosages of the tacrolimus. 



[0184] In one embodiment, the invention relates to an 
extended release dosage form which when administered to a 
subject or a number of subjects provides an mtra subject 
and/or an inter subject variability of the mean blood 
and/or AUC^o.^^ of tacrolimus which relative to that obtained 
by administration of the commercially available Prograf® 
dosage form or a bioequivalent immediate release dosage 
form is decreased w ith at least 10%, such as at least 15%, such 
as at least 17.5%, such as at least 20%, such as at least 22.5%, 
such as at least 25%, such as at least 27.5% such as at least 
30% when being determined under similar conditions and 
administered in similar molecular dosages of the tacrolimus. 
[0185] In one embodiment, the invention relates to an 
extended release dosage form which when administered to a 
subject or a number of subjects provides a decreased 
value relative to that obtained by administration of the com- 
mercially available Prograf® dosage form or a bioequivalent 
inmiediate release dosage form of at least about 20%, or at 
least about 30%, or at least about 35%, or at least about 40%, 
or at least about 45%», or at least about 50% or more, or at least 
about 55%, or at least about 60%, or at least about 65%, when 
being determined under similar conditions and administered 
in similar molecular dosages of the tacrohmus. 
[0186] In one embodiment, the invention relates to an 
extended release dosage form which when administered to a 
subject or a number of subjects provides an increased bio- 
availability relative to that obtained by administration of com- 
mercially available Prograf® dosage form or a bioequivalent 
immediate release dosage form of at least about 10%, or at 
least about 1 5%, or at least about 20%, or at least about 30%, 
or at least about 35%, or at least about 40 or more, or at least 
about 45%, or at least about 50%, or at least about 55%, the 
bioavailability being determined as AUC(O-oc) and under 
similar conditions and administered in similar molecular dos- 
ages of the tacrolimus. 

[0187] In one embodiment, the invention relates to an 
extended release dosage form which when administered to a 
subject or a number of subjects after at least 4 hours fasted 
state in the evening provides an bioavailability which relative 
to that obtained after administration of the dosage form in the 
morning after at least 4 hours fasted state is at least 70%, such 
as at least 80%, preferable at least 85% more preferable at 
least 90% and preferable at least 95% of the value measured 
after administration in the morning. 

[0188] In one embodiment, the invention relates to an 
extended release dosage form which when administered to a 
subject or a number of subjects after at least 4 hours fasted 

state in the evening provides a C^^^^ which relative to that 
obtained after administration of the dosage form in the morn- 
ing after at least 4 hours fasted state is at least 70%, such as at 
least 80%, preferable at least 85% more preferable at least 
90% and preferable at least 95% value measured after admin- 
istration in the morning. 

[0189] In one embodiment, the invention relates to an 
extended release dosage form wherein the bioavailability is 
independent of the dosing time of the day and thereby is 

suitable for a bedtime dosing regimen. 
[0190] In one embodiment, the invention relates to an 
extended release dosage form which when comprising 5 mg 
of tacrolimus and when administered as a single dose to at 
least 6 healthy subjects in fasted state provides a mean maxi- 
mal concentration (C^^) of tacrohmus of at the most 15 
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ng/mL, such as at the most 13 ng/mL and a mean AUC(0-96 
h) of at least 45 mgh/L, such as at least 55 mgh/L, such as at 
least 60 mg-h/L. 

[0191] hi one embodiment, the invention relates to an 
extended release dosage form according to wherein the blood 
concentration 24 after administration of tacrolimus is at least 
2 ng/mL such as at least 3 ng/mL such as at least 4 ng/mL. 

[0192] In one embodiment, the invention relates to an 
extended release dosage form which when administered once 
daily in steady state to a healthy subj ect or a patient, the swing 
of the blood concentrations of tacrolimus measured as (C„j^/ 
C^„„)/C,^^y, is less than the swing observed when administer- 
ing the Advagraf B) dosage form or a bioequivalent extended 
release dosage form of tacrohmus in a once daily regimen and 
being detemiined under similar conditions and administered 
in similar molecular daily dosages of the tacrolimus. The 
decrease is preferable at least 10%, such as at least 20%, 
preferable at least 30%, such as at least 40%. more preferred 
at least 50%. 

[0193] In one embodiment, the invention relates to an 
extended release dosage form which when administered once 
daily in steady state to a healthy subject or a patient, the swing 
of the blood concentrations for total and/or free tacrolimus 
measured as (C^^-C^j.„)/C^.„ is less than the swing 
obser\'ed when administering the Prograf® dosage form or a 
bioequivalent immediate release composition of tacrolimus 
in a twice daily regimen and being determined under similar 
conditions and administered in similar molecular daily dos- 
ages of the tacrolimus. The decrease is preferable at least 
10%, such as at least 20%, preferable at least 30%, such as at 
least 40%, more preferred at least 50%. 
[0194] In one embodiment, tlie invention relates to an 
extended release dosage fonn which when administered once 
daily in steady state to a healthy subject or a patient, the 
fluctuation of the blood concentrations for total and^or free 
tacrolimus measured as {C^ax-^miny^ average is less than the 
fluctuation observed when administering the Advagraf® dos- 
age form or a bioequivalent extended release dosage form of 
tacrolimus in a once daily regimen and being determined 
under similar conditions and administered in similar molecu- 
lar daily dosages of the tacrolimus. The decrease is preferable 
at least 10%, such as at least 20%, preferable at least 30%, 
such as at least 40%, more preferred at least 50%. 
[0195] In one embodiment, the invention relates to an 
extended release dosage form which when administered once 
daily in steady state to a healthy subject or a patient, the 
fluctuation of the blood concentrations for total tacrolimus 
measured as (C^^^^-C^^„)/C^^,g^^^g is less than the fluctuation 
obser\^ed when administering the Prograf® dosage form or a 
bioequivalent inmiediate release composition of tacrolimus 
in a tw ice daily regimen and being determined under similar 
conditions and administered in similar molecular daily dos- 
ages of the tacrolimus. The decrease is preferable at least 
10%, such as at least 20%, preferable at least 30%, such as at 
least A(P/o, more preferred at least 50%. 
[0196] In one embodiment, the invention relates to an 
extended release dosage form which when administered to at 
least 6 healthy subjects in fasted state, the mean residence 
time, MRT, of tacrolimus measured in blood is at least 10% 
longer than the mean residence time measured under 
bioequivalent conditions with the Advagraf® dosage form or 
a similar extended release dosage fonn of tacrolimus. Pref- 
erable the MRT is increased by at least 20% such as by 25%. 



[0197] In one embodiment, the invention relates to an 
extended release dosage form which when administered to at 
least 6 healthy subjects in fasted state, the mean residence 
time tacrolimus measured in blood is at least 35% longer than 
the mean residence time measured under similar conditions 
with the Prograf® dosage form or a bioequivalent immediate 
release dosage form of tacrolimus. 

[0198] In a yet further aspect the present invention provides 
for a method for providing immunosuppressive treatment of a 
patient in need thereof in a once daily regimen by adminis- 
tration of an extended release formulation as described herein 
an providing one or more of decreased C„^^^, decreased 
swing, decreased fluctuation, increased AUG, increased 
MRT, longer time to T^^, and a higher Additionally, the 
methods provides for a C^,„ which correlates to the bioavail- 
ability with a correlation factor of at least 0.75 to 1 , such as at 
least 0.80, preferably 0.85, more preferred 0.90, still more 
preferred at least 0.95, and even more preferred of at least 
0.97. 

[0199] In a preferred embedment the difference in bioavail- 
ability is substantially independent of the time of the day the 
dosage is administered. This provides the possibility of a once 
daily dosage regimen at bedtime or in the evening in addition 
to the normal morning dosing. However more importantly, 
the risk of decreased exposure if the patient actually ingest the 
dosage form on a different time than prescribed and expected 
(non compliance by the patient), the risk for the patient is 
decreased for reduced exposure and thereby increased risk of 
e.g., a transplant rejection. 

[0200] In a further aspect the invention provides for a con- 
version form a bid regimen with a higher dosage. One method 
for such conversion from inter alia Prograf® to once daily 
regimen is decreasing the daily dosage of the tacrolimus 
immediate release regimen with between 25% to 50%, such 
as with between 30% to 40%, preferable with approximately 
33%. The reduction is to the extend possible by use of 
extended release once daily dosage forms selected from 0.5 
mgl mg, 2 mg and 5 mg once daily dosage forms. Accord- 
ingly, a conversion ratio of 1 :0.66 to 0.80 dependent on the 
available dosage strengths as mentioned. Furthermore, the 
present invention relates to a conversion from Advagraf® 
with a ratio of 1 :0.30 to 0.75, such as 1 :0.33 to 0.7 according 
to the available dosage strengths selected from 0.5 mg, 1 mg, 
2 mg and 5 mg of the extendedrelease formulations according 
to the present invention. 

[0201] An especially important aspect of the invention is 
the substantial reduced peak concentrations which provide 
for a decrease in peak concentration related side effects. Such 
effect can however be difficult to measure due to the inter- and 
intra-subject variation of the present tacrohmus treatments 
and the nature of the side effects which are often of a subjec- 
tive character or may require tissue biopsies to determine. 
Careful questionnaires and high number of patients will be 
needed for comparison studies to demonstrate such effect 
with significance. However, it is contemplated that treatment 
with a extended release formulation according to the present 
invention may reduce some possible peak concentration 
related side effects including side effects of a neurological 
origin such as tremor and headache. 

[0202] In a preferred embodiment the decrease in side 
effect is related to the risk of prolonged QTc inter\'al due to an 
affect on ventricular repolarization. Other toxicities included 
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which is contemplated to be decreased is development of 
kidney damage, the development of diabetes as well as devel- 
opment of hypertension. 

[0203] Especially, the accumulation occurring in some 
organs may be associated with organ damage, especially as 
the accumulation or the individual tacrolimus concentration 
may not decrease during the period with the low blood con- 
centration during the later times of the dosing interval. This 
lack of clearance from an organ may be related to the high 
affinity of tacrolimus to that organ overcoming the otherwise 
expected clearance of such highly vascularized organs. 
Accordingly, the high peaks of the present available commer- 
cial dosage forms may contribute to tacrolimus being accu- 
mulated in these organs which organs may comprise as high 
as nearly 30 times the concentration of the blood in steady 
state with conventional dosage forms. 
[ 02 04] De novo transplanted patient may be extremely sen- 
sitive to high concentrations due to general bad state of the 
body, low^ levels of plasma proteins further increasing the 
fraction of tacrolimus free to enter the organs. Especially in 
these patients the high blood concentrations during titration 
are avoided by use of the dosage form according to the inven- 
tion which has the potential to decrease the magnitude of 
accumulation or extenduig the time before high concentra- 
tions are reached in organs where tacrolimus is toxic. Accord- 
ingly, the invention also relates to a method of treating 
patients in risk of organ toxicity form tacrolimus. The organs 
known to accumulate tacrolimus include the adrenal gland, 
lung, heart, liver, gastrointestinal tract and kidney. However, 
according to the present invention it is farther believed that 
the pancreas and especially the islet of Langerhans may be 
sensitive for high concentrations, especially during the initia- 
tion of tacrolimus, whereby the risk of developing diabetes on 
a later time may be substantially increased. Other organs 
correlated with toxicity are the central nervous system. Many 
patients withdraw from treatment due to headache and 
tremor, side effects which is likely to be decreased with the 
treatment according to the present invention. Especially 
tremor is a side effect related to toxic effect on the central 
nervous system as caused by tacrolimus crossing the blood 
brain barrier. It is according to the present invention comtem- 
plated that high concentrations may facilitate trapping of 
tacrolimus in the central nervous system as a higher concen- 
tration difference is present over the blood brain barrier when 
the concentrations is high in the systemic circulation which 
may result in increased transport into the brain compared with 
a situation where a steady and lower concentration is pro- 
vided as with the extended release formulation according to 
the present invention. 

[0205] According to a further aspect of the invention, the 
extended release fonnulation according to the present inven- 
tion provides for a treatment safet>^ profile allowing treatment 
from the time of transplantation as soon as the patient is 
sufficient well to be treated with an oral formulation. Accord- 
ingly, the patient will not need a first titration with a conven- 
tional twice daily formulation such as Prograf® followed by 
a conversion to a treatment according to the present invention, 
but can initiate the oral immunosuppressive treatment with 
tacrolimus with a once daily formulation according to the 
present invention. 

[ 02 0 6] In a further embodiment, treatment of de novo trans - 
plant patients are provided as the formulation according to the 
present invention is capable of securing a sufficient systemic 
exposure even in the first 24 hours after initiation whereby a 



method of treatment is provided where the same dosage form 
may used for the initiation of tacrolimus oral treatment as well 
as for the continuous treatment including maintenance treat- 
ment. It is believed that the number of dose corrections may 
be reduced, the compliance will be increased due to the once 
daily treatment of the present invention with a tablet formu- 
lation of reduced size compared with other available tacroli- 
mus products. 

[0207] It is obsei-ved that the use of Advagraf® in the first 
24 hours provides a systemic exposure which is approxi- 
mately 30% and 50% lower when compared with administra- 
tion of the PrografS formulation administered to de novo 
kidney and de novo fiver transplant patients, respectively. The 
general explanation for this reduced bioavailability is accord- 
ing to the Scientific Discussion as disclosed in connection 
with the approval of Advagraf® by the European Agency for 
the Evaluation of Medicinal Products (EMEA) at 23 Apr. 
2007 attributed to an absence of diurnal effect on the absorp- 
tion of tacrolimus for Prograf® fonnulation administered in 
the evening relative to the morning on the first day post- 
transplant. However, according to the present inventors, the 
lower exposure of the Advagraf® product may primarily be 
related to a relative higher impact of the gastrointestinal 
metabolism possibly in combination with a lower absorption 
rate w^hich facifitates a higher first passage extraction firaction 
by the liver. In liver transplant patients the GI metabolism 
may have even higher impact as the liver metabolism may be 
reduced early after transplantation. Accordingly, by provid- 
ing an extended fonnulation according to the present inven- 
tion, the impact of the GI metabolism is less as the formula- 
tion primarily releases tacrolimus in the lower ileum and 
colon where metabolism is less and at the same time releases 
tacrolimus in a way that absorption actually takes place, i.g 
releasing the tacrolimus in a improved way such as in molecu- 
lar form or substantially molecular form. 
[0208] Accordingly, a method for uiitial treatment of a de 
novo liver transplant patient with tacrolimus is provided com- 
prising administering a tacrolimus oral dosage form once a 
day having an extended release profile which when measured 
in vitro demonstrates a release where less than 50% of the 
tacrolimus content in the oral dosage form is released after 1 0 
hours measured according to the dissolution method dis- 
closed for Program by the FDA database of Dissolution 
Methods For Drug Products and the oral dosage form pro- 
vides a systemic exposure on day 1 which is at least 50% of 
the exposure obtained at day 1 after administration of the 
same daily dose how^ever administered as an immediate 
release oral dosage form administered twice a day. 
[0209] Similarly, a method for initial treatment of a de novo 
kidney transplant patient with tacrolimus comprising admin- 
istering a tacrolimus oral dosage form once a day having an 
extended release profile which when measured in vitro dem- 
onstrates a release where less than 50% of the tacrolimus 
content in the oral dosage form is released after 10 hours 
measured according to the FDA method for Prograf® and the 
oral dosage form provides a systemic exposure on day 1 
which is at least 70% of the exposure obtained at day 1 after 
administration of the same daily dose however administered 
as an immediate release oral dosage form administered twice 
a day, 

[0210] The method also related to initial treatment of a de 
novo liver transplant patient with tacrolimus comprising 
administering a tacrolimus oral dosage form once a day hav- 
ing an extended release profile which when measured in vitro 
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demonstrates a release where less than 50% of the tacrolimus 
content in the oral dosage form is released after 10 hours 
measured according to the FDA method for Prograf® and the 
oral dosage form provides a sj^stemic exposure on day 1 
which is at least 100% of the exposure obtained at day 1 after 
administration of the same daily dose however administered 
as an extended release oral dosage form releasing more than 
30% of the tacrolimus witliin 5 hours. 
[ 02 1 1] Similarly a method for initial treatment of a de novo 
kidney transplant patient with tacrolimus is provided com- 
prising administering a tacrolimus oral dosage fonn once a 
day having an extended release profile which when measured 
in vitro demonstrates a release where less than 50% of the 
tacrolimus content in the oral dosage form is released after 10 
hours measured according to FDA method for PrografD and 
the oral dosage form provides a systemic exposure on day 1 
which is at least 100% of the exposure obtained at day 1 after 
administration of the same daily dose however administered 
as an extended release oral dosage form releasing more than 
30% of tlie tacrolimus witliin 5 hours. 
[0212] A solid dosage form according to the invention may 
also be coated in order to obtain suitable properties e.g. with 
respect to controlled release of the active substance. The 
coating may be applied on single unit dosage forms (e.g. 
tablets, capsules) or it may be applied on a poly-depot dosage 
form or on its individual umts. 

[0213] Suitable coating materials are e.g. methylcellulose, 
hydroxypropylmethylcellulose, hydroxypropylcellulose, 
acrylic polymers, ethylcellulose, cellulose acetate phthalate, 
polyvinyl acetate phthalate, hydroxypropyl methylcellulose 
phthalate, polyvinyl alcohol, sodium carboxymethylcellu- 
lose, cellulose acetate, cellulose acetate phthalate, gelatin, 
methacrylic acid copolymer, polyethylene glycol, shellac, 
sucrose, titanium dioxide, camauba wax, microcrystalline 
wax, glyceryl monostearate, zein. 

[0214] Plasticizers and other ingredients may be added in 
the coating material. The same or different active substance 
may also be added hi the coating material. 
[ 02 1 5] In preferred embodiments of the invention, the solid 
dosage forms are designed to release tacrolimus and/or an 
analogue thereof in a controlled manner, hi the present con- 
text, the term "controlled iiiamier" is intended to include all 
t5^pes of release which differ from the release obtained from 
plain tablets. Thus, the term includes so-called "controlled 
release", "extended release", "sustained release", "pulsed 
release", "prolonged release", burst release", "slow release", 
"extended release", as well as the terms "delayed release" and 
pH dependant release. However, a specific aspect of the 
invention relates to a delayed release composition or dosage 
form, which in this context is intended to denote a composi- 
tion or dosage form that at the most releases 10% w/w of the 
active substance within the first 2 hours after administration 
and^or after start of a dissolution test employing a dissolution 
medium having a pH of at the most about 3. 

Extended Release Systems 

[021 6] A first extended release system includes matrix sys- 
tems, in which tacrolimus is embedded or dispersed in a 
matrix of another material that serves to retard the release of 
tacrolimus into an aqueous environment (i.e., the luminal 
fluid of the GI tract). When tacrolimus is dispersed in a matrix 
of this sort, release of the drug takes place principally from the 
surface of the matrix. Thus the drug is released from the 
surface of a device, which incorporates the matrix after it 



difftises through the matrix or when the surface of the device 
erodes, exposing the drug. In some embodiments, both 
mechanisms can operate simultaneously. The matrix systems 
may be large, i.e., tablet sized (about 1 cm), or small (<0.3 
cm). The system may be umtar>^ (e.g., a bolus), may be 
divided by virtue of being composed of several sub-units (for 
example, several capsules wliich constitute a single dose) 
which are administered substantially simultaneously, or may 
comprise a plurality of particles, also denoted a multiparticu- 
late. A multiparticulate can have numerous formulation appli- 
cations. For example, a multiparticulate may be used as a 
powder for filling a capsule shell, or used per se for mixing 
with food to ease the intake. 

[0217] In a specific embodiment, a matrix multiparticulate, 

comprises a plurality of tacrolinius-containing particles, each 
particle comprising tacrolimus and/or an analogue thereof 
e.g. in the form of a solid solution/dispersion with one or more 
excipients selected to form a matrix capable of controlling the 
dissolution rate of the tacrolimus into an aqueous medium. 
The matrix materials useful for this embodiment are gener- 
aWy hydrophobic materials such as waxes, some cellulose 
derivatives, or other hydrophobic polymers. If needed, the 
matrix materials may optionally be formulated with hydro- 
phobic materials, which can be used as binders or as enhanc- 
ers. Matrix materials useful for the manufacture of these 
dosage fomis such as: ethylcellulose, waxes such as paraffin, 
modified vegetable oils, carnauba wax, liydrogenated castor 
oil, beeswax, and the like, as well as synthetic polymers such 
as poly(viiiyl chloride), poly(vinyl acetate), copolymers of 
vinyl acetate and ethylene, polystyrene, and the like. Water 
soluble or hydrophilic binders or release modifying agents 
which can optionally be formulated into the matrix include 
hydrophilic polymers such as hydroxypropyl cellulose 
(HFC), hydrox>'prDpyl methyl cellulose (HPMC), methyl 
cellulose, poty (N-vinyl-2-pyrrolidinone) (PVP), poly(ethyl- 
ene oxide) (PEO), poly(vinyl alcohol) (PVA), xanthan gum, 
carrageeiian, and other such natural and synthetic materials. 
In addition, materials, which function as release-modifying 
agents include water-soluble materials such as sugars or salts. 
Preferred water-soluble materials include lactose, sucrose, 
glucose, and mamiitol, as well as hydrophillic polymers like 
e.g. HPC, HPMC, and PVP 

[0218] In a specific embodiment, a multiparticulate product 
is defined as being processed by controlled agglomeration. In 
this case tacrolimus is dissolved or partly dissolved in a 
suitable meltable carrier and sprayed on carrier particles com- 
prising the matrix substance. 

Suitable Meltable Carriers are Mentioned Previously Herein. 

[0219] Altematively, tacrolimus is dissolved in an organic 
solvent together with the matrix substance and spray dried or 
applied to carrier particles, cf. below. Solvents typically 
employed for the process include acetone, ethanol, isopro- 
panol, ethyl acetate, and mixtures of two or more. 
[0220] Once formed, tacrolimus matrix multiparticulates 
may be blended with compressible excipients such as lactose, 
microcrystalline cellulose, dicalcium phosphate, and the like 
and the blend compressed to form a tablet. Disintegrants such 
as sodium starch glycolate or crosslinked poly(vmyl pyrroli- 
done) are also usefiilly employed. Tablets prepared by tliis 
method disintegrate when placed in an aqueous medium 
(such as the GI tract), thereby exposing the multiparticulate 
matrix, w^hich releases tacrolimus therefrom. 
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[0221] In a further embodiment, the matrix system is in the 
form of a hydrophilic matrix tablet containing tacroHmus 
and^or an analogue thereof (e.g. in the form of a solid disper- 
sion) as a multiparticulate product and an amount of hydro- 
philic polymer sufficient to provide a useful degree of control 
over the tacrolimus dissolution. Hydrophilic polymers useful 
for forming the matrix include hydroxypropylmethyl cellu- 
lose (HPMC), hydroxypropyl cellulose (HPC), poly (ethyl- 
ene oxide), poly(vinyl alcohol), xanthan gum, carbomer, car- 
rageenan, and zooglan. A preferred material is HPMC. Other 
similar hydrophilic polymers may also be employed. In use, 
the hydrophilic material is swollen by, and eventually dis- 
solves in, water. The tacrolimus is released both by diffusion 
from the matrix and by erosion of the matrix. The tacrolimus 
dissolution rate of these hydrophilic matrix tablets may be 
controlled by the amount, molecular weight and gel strengths 
of the hydrophilic polymer employed. In general, using a 
greater amount of the hydrophilic polymer decreases the dis- 
solution rate, as does using a liigher molecular weight poly- 
mer. Using a lower molecular weight polymer normally 
increases the dissolution rate. A matrix tablet typically com- 
prises about 20 to 90% by weight of tacrolimus and about 80 
to 10% by weiglit of polymer. 

[0222] A preferred matrix tablet comprises, by weight, 
about 30% to about 80% solid dispersion containing tacroli- 
mus and/or an analogue thereof about 15% to about 35% 
matrix former (such as, e.g., HPMC), 0% to about 35% lac- 
tose, 0% to about 20% microcry stall ine cellulose, and about 
0.25% to about 2% lubricant (such as, e.g., magnesium stear- 
ate). 

[0223] The matrix systems as a class often exliibit non- 
constant release of the drug from the matrix. This result may 
be a consequence of the diffusive mechanism of drug release, 
and modifications to the geometry of the dosage form can be 
used with advantage to make the release rate of the drug more 
constant. 

[0224] A second class of tacrolimus controlled-release dos- 
age forms of this invention includes membrane -moderated or 
reservoir systems, hi this class, a reservoir of tacrolimus e.g. 
in a solid solutiony'dispersion as a multiparticulate product is 
surrounded by a rate-limiting membrane. The tacrolimus 
traverses the membrane by mass transport mechanisms well 
known in the art, including but not limited to dissolution in the 
membrane followed by diffusion across the membrane or 
diffusion through liquid-filled pores within the membrane. 
These individual reservoir system dosage forms may be large, 
as in the case of a tablet containing a single large reservoir, or 
multiparticulate, as in the case of a capsule or poly -depot 
tablets containing a pluralit}^ of reservoir particles, each indi- 
vidually coated with a membrane. The coating can be non- 
porous, yet permeable to tacrolimus (for example tacrolimus 
may diffuse directly through the membrane), or it may be 
porous. As with otiier embodiments of this invention, the 
particular mechanism of transport is not believed to be criti- 
cal. 

[0225] Sustained release coatings as known in the art may 

be employed to fabricate the membrane, especially polymer 
coatings, such as a cellulose ester or ether, an acr>^lic polymer, 
or a mixture of polymers. Preferred materials include ethyl 
cellulose, cellulose acetate and cellulose acetate butyrate. The 
polymer may be applied as a solution in an organic solvent or 
as an aqueous dispersion or latex. The coating operation may 
be conducted in standard equipment such as a fluidbed coater, 
a Wurster coater, or a rotary fluid bed coater. 



[0226] If desired, the permeability of the coating may be 
adjusted by blending of two or more materials. A particularly 
useful process for tailoring the porosity of the coating com- 
prises adding a pre-determined amount of a finely-divided 
water-soluble material, such as sugars or salts or water- 
soluble polymers to a solution or dispersion (e.g., an aqueous 
latex) of the membrane-forming polymer to be used. When 
the dosage form is ingested into the aqueous medium of the 
GI tract, these water soluble membrane additives are leached 
out of the membrane, leaving pores which facilitate release of 
the drug. The membrane coating can also be modified by the 
addition of plasticizers, as known in the art. 
[0227] A particularly useful variation of the process for 
applying a membrane coating comprises dissolving the coat- 
ing polymer m a mixture of solvents chosen such that as the 
coating dries, a phase inversion takes place in the applied 
coating solution, resulting in a membrane with a porous struc- 
ture. 

[0228] In general, a support for mechanically strengthening 

the membrane is not required. 

[0229] The morphology of the membrane is not of critical 
importance so long as the permeability characteristics enu- 
merated herein are met. The membrane can be amorphous or 
crystalline. It can have any category of morphology produced 
by any particular process and can be, for example, an inter- 
facially-polymerized membrane (which comprises a thin 
rate-limiting skin on a porous support), a porous hydrophilic 
membrane, a porous hydrophobic membrane, a hydrogel 
membrane, an ionic membrane, and other such materials 
which are characterized by controlled permeability to tacroli- 
mus. 

[0230] In one embodiment of the invention it is an aim to 
reduce the exposure of the upper GI tract to high concentra- 
tions of tacrolimus. Accordingly, suitable dosage forms 
include those forms, which incorporate a specific delay 
before the onset of controlled release of tacrolimus. An exem- 
plary embodiment can be illustrated by a tablet (or a particu- 
late material) comprising a core containing tacrolimus coated 
with a first coating of a polymeric material of the type useful 
for sustained release of tacrolimus and a second coating of the 
type useful for delaying release of drugs when the dosage 
form is ingested. Tlie first coating is apphed over and sur- 
rounds the tablet or individual particles . The second coating is 
applied over and surrounds the first coating. 
[0231] A tablet can be prepared by techniques well known 
in the art and contains a therapeutically useful amount of 
tacrolimus plus such excipients as are necessary to form the 
tablet by such techniques. 

[0232] The first coating may be a sustained release coating 
as known in the art, especially polymer coatings, to fabricate 
the membrane, as previously discussed for reservoir systems, 
or it could be a controlled release matrix core, which are 
coated a second time with a delayed release material. 
[0233] Materials useful for preparing the second coating on 
the tablet include polymers known m the art as enteric coat- 
ings for delayed-release of pharmaceuticals. These most 
commonly are pH- sensitive materials such as cellulose 
acetate phthalate, cellulose acetate trimellitate, hydroxypro- 
pyl methyl cellulose phthalate, poly (vinyl acetate phthalate), 
and acrylic copolymers such as Eudragit L-lOO (Rohm 
Pharma) and related materials, as more fully detailed below 
under "Delayed Release". The thickness of the delayed-re- 
lease coating is adjusted to give the desired delay property. In 
general, thicker coatings are more resistant to erosion and. 
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consequently, yield a longer and more effective delay. Pre- 
ferred coatings range from about 30 pm in thickness to about 
3 mm in thickness. 

[0234] When using a hydrophobic matrix material like 
glyceryl monostearate, no delay coating is necessary. The 
tablet will not release tacrolimus until an area of enzymatic 
degradation has been reached, more specifically after the 
duodenum. 

[0235] When ingested, the twice-coated tablet passes 
through the stomach, where the second coating prevents 
release of the tacrolimus under the acidic conditions prevalent 
there. When the tablet passes out of the stomach and into the 
small intestine, where the pH is higher, the second coating 
erodes or dissolves according to the physicochemical prop- 
erties of the chosen material. Upon erosion or dissolution of 
the second coating, the first coating prevents immediate or 
rapid release of the tacrolimus and modulates the release so as 
to prevent the production of high peak concentrations, 
thereby minimizing side-effects. 

[023 6] A further prefen'ed embodiment comprises a multi- 
particulate wherein each particle is dual coated as described 
above for tablets, first with a polymer designed to yield sus- 
tained release of the tacrolimus and then coated with a poly- 
mer designed to delay onset of release in the environment of 
the GI tract when the dosage form is ingested. 
[0237] The rate of tacrolimus release from the sustained- 
release-coated multiparticulates (i.e., the multiparticulates 
before they receive the delay ed-release coating) and methods 
of modify ing the coating are also controlled by the factors 
previously discussed for reservoir system tacrolimus multi- 
particulates. 

[0238] The second membrane or coating for dual coated 
multiparticulates is a delayed-release coating which is 
applied over the first sustained-release coating, as disclosed 
above for tablets, and may be formed from the same materi- 
als. It should be noted that the use of the so-called "enteric" 
materials to practice this embodiment differs significantly 
from their use to produce conventional enteric dosage forms. 
With conventional enteric forms, the object is to delay release 
of the drug until the dosage fonn has passed the stomach and 
then to deliver the dose in the duodenum. Dosing of tacroli- 
mus directly and completely to the duodenum may be unde- 
sirable, however, due to the side effects sought to be mini- 
mized or avoided by this invention. Therefore, if conventional 
enteric polymers are to be used to practice this embodiment, 
it may be necessary to apply them significantly more thickly 
than in conventional practice, in order to delay drug release 
until the dosage form reaches the lower GI tract. However, it 
is also possible to effect a sustained or controlled delivery of 
tacrolimus after the delayed-release coating has dissolved or 
eroded, therefore the benefits of tliis embodiment may be 
realized with a proper combination of delayed-release char- 
acter with sustained-release character, and the delayed-re- 
lease part alone may or may not necessarily conform to USP 
enteric criteria. The thickness of the delayed-release coating 
is adjusted to give the desired delay property. In general, 
thicker coatings are more resistant to erosion and, conse- 
quently, yield a longer delay. 

[ 023 9] A first delayed release embodiment according to the 
invention is a "pH-dependent coated dosage fomi" such as, 
e.g., a tablet or a capsule. In the case of a tablet it comprises 
a tablet core comprising tacrolimus e.g. in a solid solutiony 
dispersion as a multiparticulate product, a controlled release 
matrix of e.g. HPMC, a disintegrant, a lubricant, and one or 



more pharmaceutical carriers, such core being coated with a 
material, preferably a polymer, which is substantially 
insoluble and impermeable at the pH of the stomach, and 
which is more soluble and permeable at the pH of the small 
intestine. Preferably, the coating polymer is substantially 
insoluble and impermeable at pH<5.0, and water-soluble at 
pH>5.0. The tablet core may be coated with an amount of 
polymer sufficient to assure that substantially no release of 
tacrolimus from the dosage fonn occurs until the dosage form 
has exited the stomach and has resided in the small intestine 
for about 1 5 minutes or greater, preferably about 30 minutes 
or greater, thus assuring that minimal tacrolimus is released in 
the duodenum. Mixtures of a pH-sensitive polymer with a 
water-insoluble polymer may also be employed. Tablets are 
coated with an amount of polymer comprising from about 
1 (y^^o to about 80% of the weight of the tacrolimus-containing 
tablet core. Preferred tablets are coated with an amount of 
polymer comprising about 1 5% to about 50% of the weight of 
the tacrolimus tablet core. 

[024 0] pH-sensitive polymers which are very insoluble and 
impermeable at the pH of the stomach, but wliich are more 
soluble and permeable at the pH of the small intestine and 
colon mclude polyacr>damides, phthalate derivatives such as 
acid phthalates of carbohydrates, amy lose acetate phthalate, 
cellulose acetate phthalate, other cellulose ester phthalates, 
cellulose ether phthalates, hydroxypropylcellulose phthalate, 
hydroxypropylethylcellulose phthalate, hydroxypropylmeth- 
ylcellulose phthalate, methylcellulose phthalate, polyvinyl 
acetate phthalate, polyvinyl acetate hydrogen phthalate, 
sodium cellulose acetate phthalate, starch acid phthalate, sty- 
rene-maleic acid dibutyl phthalate copolymer, styrene-maleic 
acid polyvinyl acetate phthalate copolymer, styrene and 
maleic acid copolymers, polyacrylic acid derivatives such as 
acrylic acid and acrjdic ester copolymers, polymethacrylic 
acid and esters thereof, poly acrylic methacrylic acid copoly- 
mers, shellac, and vinyl acetate and crotonic acid copolymers. 
[0241] Preferred pH-sensitive polymers include shellac; 
phthalate derivatives, particularly cellulose acetate phthalate, 
polyvinylacetate phthalate, and hydroxypropylmethylcellu- 
lose phthalate; polyacrylic acid derivatives, particularly poly- 
methyl methacrylate blended with acrylic acid and acrylic 
ester copolymers; and vinyl acetate and crotonic acid copoly- 
mers. 

[0242] The delay time before release of tacrolimus, after 
the "pH-dependent coated tablet" dosage form has exited the 

stomach, maybe controlled by choice of the relative amounts 
of Eudragit-L® and Eudragit-S® in the coating, and by 
choice of the coating thickness. Eudragit-L® films dissolve 
above pH 6.0, and Eudragit-S® films dissolve above 7.0, and 
mixtures dissolve at intermediate pH's. Since the pH of the 
duodenum is approximately 6.0 and the pH of the colon is 
approximately 7.0, coatings composed of mixtures of 
Eudragit-L® and Eudragit-S® provide protection of the 
duodenum fiDm tacrohmus. If it is desired to delay release of 
tacrolimus until the tacrolimus-containing "pH-dependent 
coated tablet" has reached the colon, Eudragit-S® may be 
used as the coating material, as described by Dew et al . (Br. J. 
CHn. Pharmac. 14 (1982) 405-408). In order to delay the 
release of tacrolimus for about 1 5 minutes or more, preferably 
30 minutes or more, after the dosage fonn has exited the 
stomach, preferred coatings comprise from about 9: 1 to about 
1 :9 Eudragit-L® /Eudragit-S®, more preferably from about 
9:1 to about 1:4 Eudragit-L®7Eudragit-S® . The coating may 
comprise from about 3% to about 70% of the weight of the 
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uncoated tablet core. Preferably, the coating comprises from 
about 5% to about 50% of the weight of the tablet core. 

Uses 

[0243] A solid dispersion and/or solution may be used for 
the preparation of an extended release sohd oral dosage form 
such as tablets, capsules or sachets; or for the preparation of 
granules, pellets microspheres or nanoparticles. 
[0244] A further advantage of the extended release dosage 
form of the present invention is the possibility of obtaining an 
effective therapeutic response with a decreased dosage com- 
pared to traditional oral treatment. Thus it is contemplated 
that the solid dosage fomi of the invention, when orally 
administered to a manmial in need thereof in a dose that is at 
the most about 85% w/w such as, e.g., at the most about 80% 
w/w, at the most about 75%, at the most about 70% w/w, at the 
most about 65% w/w, at the most about 60% w/w, at the most 
about 55% w/w or at the most about 50% w/w of the dose of 
tacrolimus administered in the form of Prograf® or a similar 
commercially available tacrolunus-containing product, is 
essentially bioequivalent with Prograi^E) or a similar commer- 
cially available tacrolimus-containing product. 
[0245] Any of the tacrolimus-containing dosage forms, 
compositions, dispersions or solutions of the invention may 
improved treatment of conditions that respond to tacrolimus 
treatment. 

[0246] Tacrolimus is indicated (or has been suggested) for 
the treatment of diseases such as, e.g., rejection reactions by 
transplantation of organs or tissues such as the heart, kidney, 
liver, bone maiTow, skin, cornea, lung, pancreas, small intes- 
tine, limb, muscle, nerve, mtervertebral disc, trachea, myo- 
blast, cartilage, etc.; graft-versus-host reactions following 
bone marrow transplantation; autoimmune diseases such as 
rheumatoid arthritis, systemic lupus erythematosus, Hash- 
imoto's thyroiditis, muhiple sclerosis, myasthenia gravis, 
t3^pe I diabetes, etc.; infections caused by pathogenic micro- 
organisms {e.g. Aspergillus fumigatus, Fusarium oxysporum, 
Trichophyton asteroides, etc.); inflammatory or hyperprolif- 
erative skin diseases or cutaneous manifestations of immu- 
nologically mediated diseases (e.g. psoriasis, atopic derma- 
titis, contact dermatitis, eczematoid dermatitis, seborrheic 
dermatitis, lichen planus, pemphigus, bullous pemphigoid, 
epidermolysis bullosa, urticaria, angioedema, vasculitides, 
erythema, dennal eosinophilia, lupus erythematosus, acne, 
and alopecia greata); autoimmune diseases of the eye (e.g. 
keratoconjunctivitis, vernal conjunctivhis, uveitis associated 
with Behcet's disease, keratitis, herpetic keratitis, conical 
keratitis, comeal epithelial dystrophy, keratoleukoma, ocular 
premphigus, Mooren's ulcer, scleritis. Graves' opthalmopa- 
thy, Vogt-Koyanagi-Harada syndrome, keratoconjunctivitis 
sicca (dry eye), phlyctenule, iridocyclitis, sarcoidosis, endo- 
crine opthalmopathy, etc.); reversible obstructive airw^ays 
diseases [asthma (e.g. bronchial asthma, allergic asthma, 
intrinsic asthma, extrinsic asthma, and dust asthma), particu- 
larly chronic or inveterate asthma (e.g. late asthma and airway 
hyper-responsiveness) bronchitis, etc.; mucosal or vascular 
inflainmations (e.g. gastric ulcer, ischemic or thrombotic vas- 
cular injury, ischemic bowel diseases, enteritis, necrotizing 
enterocolitis, intestinal damages associated with thermal 
bums, leukotriene B4-mediated diseases); intestinal inflam- 
mations/allergies (e.g. coeliac diseases, proctitis, eosino- 
philic gastroenteritis, mastocytosis, Crohn's disease and 
ulcerative colitis); food-related allergic diseases with symp- 
tomatic manifestation remote from the gastrointestinal tract 



(e.g. migrain, rhinitis and eczema); renal diseases (e.g. intes- 
titial nephritis, Goodpasture's syndrome, hemolytic uremic 
syndrome, and diabetic nephropathy); nervous diseases (e.g. 
multiple myositis, Guillain-Barre syndrome, Meniere's dis- 
ease, multiple neuritis, solitary^ neuritis, cerebral infarction, 
Alzheimer's diseases Parkinson's diseases, amyotrophic lat- 
eral sclerosis (ALS) and radiculopathy); cerebral ischemic 
disease (e.g., head injury, hemorrhage in brain (e.g., sub- 
arachnoid hemorrhage, intracerebral hemorrhage), cerebral 
thrombosis, cerebral embolism, cardiac arrest, stroke, tran- 
sient ischemic attack (TIA), hypertensive encephalopathy, 
cerebral infarction); endocrine (iseases (e.g. hyperthyroid- 
ism, and Basedow's disease); hematic diseases (e.g. pure red 
cell aplasia, aplastic anemia, hypoplastic anemia, idiopathic 
thrombocytopenic purpura, autoinmiune hemolytic anemia, 
agranulocytosis, pernicious anemia, megaloblastic anemia, 
and anerythroplasia); bone diseases (e.g. osteoporosis); res- 
piratory diseases (e.g. sarcoidosis, pulmonary^ fibrosis, and 
idiopathic interstitial pneumonia); skin diseases (e.g. der- 
matomyositis, leukoderma vulgaris, ichthyosis vulgaris, pho- 
tosensitivity, and cutaneous T-cell lymphoma); circulatory 
diseases (e.g. arteriosclerosis, atherosclerosis, aortitis syn- 
drome, polyarteritis nodosa, and myocardosis); collagen dis- 
eases (e.g. scleroderma, Wegener's granuloma, and Sjogren's 
syndrome); adiposis; eosinophilic fasciitis; periodontal dis- 
eases (e.g. damage to gingiva, periodontium, alveolar bone or 
substantia ossea dentis); neplirotic syndrome (e.g. glomeru- 
lonephritis); male pattern alopecia, alopecia senile; muscular 
dystrophy; pyoderma and Sezary syndrome; chromosome 
abnormality^-associated diseases (e.g. Down's syndrome); 
Addison's disease; active oxygen-mediated diseases [e.g. 
organ injury (e.g. ischemic circulation disorders of organs 
(e.g. heart, liver, kidney, digestive tract, etc.) associated with 
preservation, transplantation, or ischemic diseases (e.g. 
thrombosis, cardial infarction, etc.)); intestinal diseases (e.g. 
endotoxin shock, pseudomembranous colitis, and drug- or 
radiation-induced colitis); renal diseases (e.g. ischemic acute 
renal insufficiency, chronic renal failure); pulmonary dis- 
eases (e.g. toxicosis caused by pulmonary oxygen or drugs 
(e.g. paracort, bleomycin, etc.), lung cancer, and pulmonary 
emphysema); ocular diseases (e.g. cataracta, iron-storage dis- 
ease (siderosis bulbi), retinitis, pigmentosa, senile plaques, 
vitreous scarring, comeal alkali bum); demiatitis (e.g. 
erythema multiforme, linear immunoglobulin A bullous der- 
matitis, cement dermatitis); and other diseases (e.g. gingivi- 
tis, periodontitis, sepsis, pancreatitis, and diseases caused by 
environmental pollution (e.g. air pollution), aging, carcino- 
gen, metastasis of carcinoma, and hypobaropathy)] ; diseases 
caused by histamine release or leukotriene C4 release; rest- 
enosis of coronary artery^ following angioplasty and preven- 
tion of postsurgical adhesions; autoimmune diseases and 
inflammatory conditions (e.g.. primary mucosal edema, 
autoimmune atrophic gastritis, premature menopause, male 
sterility, juvenile diabetes mellitus, pemphigus vulgaris, 
pemphigoid, sympathetic ophthalmitis, lens-induced uveitis, 
idiopathic leukopenia, active chronic hepatitis, idiopathic cir- 
rhosis, discoid lupus erythematosus, autoimmune orchitis, 
arthritis (e.g. arthritis deformans), or polychondritis); Human 
Immunodeficiency Vims (HIV) infection, AIDS; allergic 
conjunctivitis; hypertrophic cicatrix and keloid due to 
trauma, burn, or surgery. 

[0247] In addition, tricyclic macro tides like e.g. tacrolimus 
have liver regenerating activity and^or activities of stimulat- 
ing hypertrophy and hyperplasia of hepatocytes. Therefore, 
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the extended release dosage form of the present invention is 
useful for increasing tlie effect of the therapy and'or prophy- 
laxis of liver diseases [e.g. immmiogenic diseases (e.g. 
chronic autoimmune liver diseases such as autoimmune 
hepatic diseases, primary biliary cirrhosis or sclerosing cho- 
langitis), partial liver resection, acute liver necrosis (e.g. 
necrosis caused by toxins, viral hepatitis, shock, or anoxia), 
hepatitis B, non-A non-B hepatitis, hepatocirrhosis, and 
hepatic failure (e.g. fulminant hepatitis, late-onset hepatitis 
and "acute-on-chronic" liver failure (acute liver failure on 
chronic liver diseases))]. 

[0248] Furthermore, a extended release dosage form 
according to the present invention is useful for increasing the 
effect of the prevention and/or treatment of various diseases 
because of the useful pharmacological activity of the tricyclic 
macrolides, such as augmenting activity of chemotherapeutic 
effect, activity of cytomegalovirus infection, anti-inflamma- 
tor>' activity, inhibiting activity against peptidyl-prolyl 
isomerase or rotamase, antimalarial activity, antitumor activ- 
ity and so on. 

[0249] The present invention is further illustrated by refer- 
ence to the Examples below. However, it should be noted that 
these Examples, like the embodiments described above, are 
illustrative and are not to be construed as restricting the 
enabled scope of the invention in any way. 

EXAMPLES 
Materials and Methods 

Materials 

[0250] Tacrolimus (supplied by Eurotrade); batch no RD 
03-111 

Lactose monohydrate 200 mesh (from DMV) 

Granulated silicium oxide, Aeroperfl' 300, (Degussa) 

Polyethylene glycol 6000, Pluracol® E6000 (from BASF) 

Poloxamer 188, Pluronic® F-68 (fix)m BASF) 

Glyceryl monostearate, Rylo® MD50, (from Danisco Cul- 

tor), Ph.Eur.; batch no. 4010056276 

Avicel PH200 (microcrystalline cellulose) (from FMC) 

Lactose DCL 1 1 (from DMV) 

Magnesium stearate 

Croscarmellose sodium, Ac-Di-Sol® (from FMC) 
Eudragit® L30D.55 (from Degussa) 
Triethyl citrate (from Merck) 
Anti-foam emulsion (from Unikem) 
Micro talc 

HPMC refers to Metolose 90SH (type 2910, 2208) or Meto- 
lose 60SH (type 2910) from ShinEtsu available in various 
degrees of polymerization (viscosity' 3-100,000cP). 

[0251] Tablets, capsules or granules might be enteric 
coated with different t^^pes of polymers such as hydroxypro- 
pylmethylcellulose acetate succinate (Aqoat), cellulose 
acetate phthalate CAP, hydroxypropylmethylcellulose phta- 
late HPMCP or methacrylic acid copolymers such as 
Eudragit L30D, Eudragit 100/S, Eudragit 100/L. 

Comparison Prior Art Tacrolimus Formulation for In Vivo 
Studies: 

[0252] PrografC) Hard Gelatin Capsules, manufactured by 
Fujisawa Ireland Ltd. 



Ingredients 


mg 


Tacrolimus, anhydr. 


1.0 


Gelatin 


6.9 


Hypromellose 


1.0 


Lactose monohydrate 


24.7 


Magnesium stearate 


0.3 


Shellac 


q.s. 


Soybean lecitine 


q.s. 


Iron oxide red (El 72) 


q.s. 


Titanium dioxide (El 71) 


q.s. 


Dimeticone (E900) 


q.s. 



Methods 

Determination of Weight Variation 

[0253] The tablets prepared in the Examples herein were 
subjected to a test for weight variation performed in accor- 
dance with Ph. Eur. 

Determination of Average Tablet Hardness 

[0254] The tablets prepared in the Examples herein were 
subjected to at test for tablet hardness employing Schleuniger 
Model 6D apparatus and performed in accordance with the 
general instructions for the apparatus. 

Determination of Disintegration Time 

[0255] The time for a tablet to disintegrate, i.e. to decom- 
pose into particles or agglomerates, was determined in accor- 
dance with Ph. Eur. 

Determination of Geometric Weight Mean Diameter d^,, 
[0256] The geometric weight mean diameter was deter- 
mined by employment of a method of laser diffraction dis- 
persing the particulate material obtained (or the starting mate- 
rial) in air. The measurements were performed at 1 bar 
dispersive pressure in Sympatec Helos equipment, which 
records the distribution of the equivalent spherical diameter. 
This distribution is fitted to a log normal volume-size distri- 
bution. 

[0257] When used herem, "geometric weight mean diam- 
eter'* means the mean diameter of the log normal volume-size 
distribution. 

In Vitro Dissolution Tests 

[0258] The following test methods were applies to the com- 
positions and dosage forms of the present invention. 
[0259] Testl: 

[0260] In vitro dissolution test according to USP Method A, 
delayed release articles (USP paddle method; rotation speed: 
50 rpm; 37^ C . ; after 2 hours in acidic medium, the medium is 
changed to phosphate buffer pH 6.8.). 
[0261] Test 2: 

[0262] In vitro dissolution test in aqueous dissolution 
medium adjusted to pH 4.5 (900 ml water with 0.005% HPC 
(hydroxypropylcellulose) adjusted to pH4.5; 37° C; USP 
Paddle method; rotation speed: 50 rpm). 
[0263] The following examples ser\^e the purpose of illus- 
tration of the invention and are not intended to limiting the 
scope of the present invention. 

[0264] Pharmaceutical compositions and dosage forms 
which can be optimized to provide the desired release profile 
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according to the invention is exemplified in examples 1-16 
which formulations are disclosed in the patent application 
WO 2005/020993 hereby incorporated by reference. The dis- 
solution profiles disclosed therein and in Example 17 of the 
present application may however be further optimized for 
providing release profiles fulfilling the extended release 
parameters according to the present invention. The optimiza- 
tion may include formulation changes including changes in 
grades of excipients, change in ratios of excipients, manufac- 
turing changes such as change in punch pressure, change in 
hardness or disintegration time. As a molecular solution is 
preferred, relevant changes includes use of excipients pre- 
venting degradation of the active substance as well as use of 
specific excipients less prone to interact with the active sub- 
stance andy'or degradation products thereof. 

Example 1 

Modified Release Poly -Depot Capsule Based on 
Swelling Hydrocolloid Matrix of Hydroxypropylcel- 
lulose 

[0265] 



Subs:aii^-e 






Tacrolimus 


0.50 


1.00 


HPMC 


20.00 


40.00 


Lactose 200 mesli 


30.00 


60.00 


PEG 6000 


34.65 


69.30 


Poloxamer 188 


14.85 


29.70 


Total 


100.00 


200.00 



[0266] Tacrolimus was dissolved in polyethylene glycol 
6000 and poloxamer 188 (70:30 w/w rafio) at 70^ C. The 
solution was sprayed on a mixture of 1 50 g lactose and 100 g 
HPMC in a fluid bed Strea- 1 . The granular product was sieved 
through sieve 0.7 mm and filled into hard gelatine capsules 
(200 mg). 

Example 2 

Modified Release Poly -Depot Capsule Based on 
Swelling Hydrocolloid Matrix of Hydroxypropyl cel- 
lulose 

[0267] 



Subs:aiije % lut. 



Tacrolimus 


0.50 


1.00 


HPMC 2910 3 cp 


20.00 


40.00 


Lactose 200 mesh 


30.00 


60.00 


Glyceryl monostearate 


49.50 


99.00 


Total 


iCiQ.no 


200.00 



[0268] Tacrolimus was dissolved in glyceryl monostearate 
at 70° C. The solution was sprayed on a mixture of 150 g 
lactose and 100 g HPMC in a fluid bed Strea- 1 . The granular 
product was sieved tlirough sieve 0.7 mm and filled into hard 
gelatine capsules (200 mg). 



Example 3 

Extended Release Matrix Tablet Based on Swelling 
Hydrocolloid Matrix of Hydroxypropylcellulose 
[0269] 



Substance 


% 


mg 


Tacrolimus 


0.50 


1.00 


HPMC 


19.90 


40.00 


Lactose 200 mesh 


29.85 


60.00 


PEG 6000 


34.48 


69.30 


Poloxamer 188 


14.78 


29.70 


Magnesium stearate 


0.50 


1.01 


Total 


100.00 


201.01 



[0270] Tacrolimus was dissolved in polyethylene glycol 
6000 and poloxamer 188 (70:30 w/w ratio) at 70° C. The 
solution was sprayed onto 250 g lactose in a fluid bed Strea-1 . 
The resulting granular product was sieved througli sieve 0.7 
mm and blended with HPMC and magnesium stearate for 0.5 
min in a Turbula mixer. 

[0271] The mixture was compressed into 8 mm tablets of 1 
mg active ingredient (200 mg tablet) with compound cup 
shaped. 

[0272] Mean disintegration time: 20 min. Hardness: 45 N 

Example 4 

Modified Release Matrix Tablet Based on Lipophilic 
Matrix of Glyceryl Monostearate 

[0273] 



Substance 


% 


mg 


Tacrolimus 


0.50 


1.00 


Lactose 200 mesh 


49.75 


100.00 


Glyceryl monostearate 


49.25 


99.00 


Magnesium stearate 


0.50 


1.01 




100.00 


201.01 



[0274] Tacrolimus was dissolved in glycerol monostearate 
at 70° C. The solution was sprayed onto 250 g lactose in a 
fluid bed Strea-1. The granular product was sieved through 
sieve 0.7 mm and blended with magnesium stearate for 0.5 
minutes in a Turbula mixer. 

[0275] The resulting mixture was compressed into 8 mm 
tablets of 1 mg active ingredient (200 mg tablet) with com- 
pound cup shape. 

[0276] Mean disintegration time: 20 min. Hardness: 45 N 

Example 5 

Modified Release Polydepot Capsule Based on Lipo- 
philic Matrix of Glyceryl Monostearate 

[0277] 



Substance 


% 


mg 


Tacrolimus 


0.50 


1.00 


Lactose 200 mesh 


49.75 


100.00 


Glyceryl monosteaiate 


49.25 


99.00 


Magnesium stearate 


0.50 


1.01 




100.00 


201.01 
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[0278] Tacrolimus was dissolved iii glyceryl monostearate 
at 70° C. The solution was sprayed onto 250 g lactose in a 
fluid bed Strea-1. The granular product was sieved tlirough 
sieve 0.7 mm and filled into hard gelatine capsules (200 mg). 

Example 6 

Modified Release Poly-Depot Tablet Based on Lipo- 
philic Matrix of Gelucire® 44/14 

[0279] 



Substance 


% 


mg 


Tacrolimus 


0.50 


1.00 


Aeioperl ® 300 


49.75 


100.00 


Gelucire ©44/14 


49.25 


99.00 


Magnesium stearate 


0.50 


1.01 




100.00 


201.01 



[0280] Tacrolimus was dissolved in Gelucire® at 70° C. 
The solution was sprayed onto 250 g Aeroperl® in a fluid bed 
Strea-1. Tlie granular product was sieved through sieve 0.7 
mm and filled into hard gelatine capsules (200 mg). 
[0281] The resulting granulate was compressed into 8 mm 
tablets of 1 mg active ingredient (tablet weight 200 mg). 
Tablets were cup shaped. 

[0282] Mean disintegration time: 25 minutes. Hardness: 43 
N. 

Example 7 

Enteric Coating 

[0283] Capsules and tablets of examples 1, 2, 3, 5 and 6 
were subsequently coated with the following enteric coating 
in order to obtain a delayed release of active ingredient after 
administration. 



Ingredients % 



Eiidragit ® L30D 


40 


PiLrified water 


52 


Triethyl acetylcitrate 


1.8 


Anti-foam emulsion 


0.2 


Talc 


6 


Total 


100 



[0284] The coating suspension was prepared by mixing 
triethyl acetylcitrate, antifoam emulsion and purified water in 
Ultra Turrax apparatus at 9500 rpm for 30 min. After 1 minute 
talc was added. The mixture was passed through sieve no. 300 
and stirred by a magnet stirrer. Eudragit was passed through 
sieve no. 300 and added the mixture, which was stirred for 5 
minutes. 

[0285] The process conditions of the coating process were 
the following an inlet temperature of 40° C, an outlet tem- 
perature of 3 1 ° C, air inlet of 1 40 cbm per hour and a coating 
time of approx. 50 minutes (300 g of coating material). 
Approximately 400 g of tablets, or 200 g of capsules were 
coated. 



[0286] The film coated tablets and capsules were cured for 
48 hours at 30° C. before dissolution testing. 

Example 8 

Modified Release Matrix Tablet Based on Lipophilic 
Matrix of Glycerol Monostearate 

[0287] 



Substance 


% 


mg 


Tacrolimus 


0.95 


2.00 


HPMC, Pharmacoat 606 


6.75 


14.29 


Lactose monohydrate, lactose 125 mesh 


6.75 


14.29 


Glycerol monostearate, Rylo ® MD50 


30.56 


64.67 


Magnesium Stearate 


0.5 


1.06 


Talc 


4.5 


9.52 


Lactose monohydrate, Pharmatose DCL 14 


50.00 


105.8 




100.00 


211.64 



[0288] Tacrolimus w^as dissolved in glycerol monostearate 
at a temperature above 80° C. The solution was sprayed by 
feed unit Phast FSl .7 onto 60 g lactose and 60 g HPMC in a 
fluid bed Phast FB 1 00. The granular product was hardened in 

a heating oven for 4 hours at 50° C. The resulting granular 

product was sifted tlirougli sieve 0.71 mm and blended with 

lactose for 3 minutes in a Turbula mixer, 

[0289] Magnesium stearate and talc was sifted through 

sieve no. 300 and mixed in a Turbula mixer for 3 minutes. The 

granulate was mixed with the mixture of magnesium stearate 

and talc (1:9) for 0.5 minutes in a Turbula mixer. 

[0290] The final mixture was compressed into 8 mm tablets 

of 2 mg active ingredient (210 mg tablet) with compound cup 

shape. 

[0291] Mean disintegration time: 2 hours. Hardness: 50 N 

Example 9 

Enteric Coated Tablet with Core Based on Peg 6000/ 
Poloxamer 188 and Enteric Coating Based on 
Eudragit L30D 55 

Tablet Core Composition: 

[0292] 



Substance 


% 


mg 


Tacrolimus 


1.98 


2.00 


Lactose monohydrate, Lactose 200 mesh 


40.50 


40.91 


PEG eooo 


33.26 


33.60 


Poloxamer 188, Lutrol 68 


14.40 


14.40 


Magnesium Stearate 


0.50 


0.51 


Talc 


4.50 


4.55 


Croscarmellose sodium, Ac-di-sol 


5.00 


5.05 




100.00 


101.01 



[0293] The tacrolimus tablet core was produced by dissolv- 
ing in PEG 6000 at a temperature above 80° C. Poloxamer 
1 88 was added, and the solution was heated to a temperature 
above 80° C. The solution was sprayed by feed unit Phast 
FSl. 7 on 200 g lactose monohydrate in a fluid bed Phast 
FBI 00. The resulting granulate was sifted through a Comill 
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sieve 1397, 4500 rpm, and blended with croscarmellose 
sodium for 3 minutes in a Turbula mixer. 
[0294] Magnesium stearate and talc was sifted through 
sieve no. 300 and mixed in a Turbula mixer for 3 minutes. The 
granulate was mixed with magnesium stearate and talc (1 :9) 
for 0.5 minutes in a Turbula mixer. 

[0295] The resulting mixture was compressed into 6 mm 
tablets of 2 mg active ingredient (100 mg tablet) with com- 
pound cup shape. 

[0296] Mean disintegration time: 7 minutes. Hardness: 65 
N 

[0297] Enteric Coating: 

[0298] The enteric coating is based on an acrylic polymer 
Eudragit L30D-55. Eudragit L30D is supplied as an aqueous 
latex suspension creating a water insoluble film when the 
water is evaporated during coating. The polymer is insoluble 
at pH-values below 5.0 and readily soluble at pH-values over 
6.0. The film coating composition is: 



Substance 


w/w % 


Eudragit L30D-55 


40 


Water 


52 


Trietliyl citrate 


1.8 


Anti-foam emulsion 


0.2 


Talc (micro) 


6 


Total 


100 



[0299] The amount of applied film polymer (Eudragit) was 
based on a calculation of mg film polymer per cm^ tablet 
surface. The thickness of the enteric coating was 80 |jm. A 
verification of the film thickness applied was based on mea- 
suring the increase in tablet height with a digital micrometer. 
The film coating process was performed in a Phast FBI 00 
fluid bed equipped with a Wurster like insert. The process 
conditions were: Inlet air temperature 50^ C; Inlet air flow 
100 m^ per hour; Product temperatiu-e 38° C; Feed rate 15 
g/min. 

[ 03 0 0] After coating, proper film formation requires curing 
of the coated tablets i.e. at 30° C. for 48 hours in an oven. 
Altematively the coated tablets more efficiently could be 
cured at 40'' C. in 24 hours. 

Example 10 

Controlled Release PEG 6000/Poloxamer 188 Tablet 
Based on a HPMC Matrix 

Tablet Composition: 

[0301] 



Substance 


% 


mg 


Tacrolimus 


L21 


2.00 


Lactose monohydrate, Lactose 200 mesh 


24.75 


40.91 


PEG 6000 


20.33 


33.60 


Poloxamer 188, Lutrol 68 


8.71 


14.40 


Magnesium Stearate 


0.50 


0.83 


Talc 


4.50 


7.44 


Hydioxypropyl methylcellulose, Metolose 90SH 15000 


40.00 


66.12 




100.00 


165.29 



[0302] Tacrolimus was dissolved in PEG 6000 at a tem- 
perature above 80° C. Poloxamer 188 is added and the solu- 
tion is heated to a temperature above 80° C. The solution is 
sprayed by feed unit Phast FSl .7 on 200 g lactose monohy- 
drate in a fluid bed Phast FBI 00. The granular product is 
sieved through a Comill, sieve 1397, 4500 rpm, and blended 
with Hydroxypropyl methylcellulose for 3 min in a Turbula 
mixer. 

[0303] Magnesium stearate and talc is sifted through sieve 
300 and mixed in a Turbola mixer for 3 min. The granulate is 

mixed with Magnesium Stearate:Talc (1:9) for 0.5 min in a 
Turbula mixer. The mixture is compressed into 8 nun tablets 
with strength of 2 mg (165 mg tablet with compound cup 
shape). Mean disintegration time: 2 hours 34 minutes, 

Hardness: 50 N 

Example 1 1 

Enteric Coated Tablet Fomiulation. Wet Granulation and 
Enteric -Coated Tablets 

Tablet Composition: 

[0304] 



Ingredient 


mg 


Tacrolimus 


2 


Lactose 


80 


Sodium lauryl sulfate 


10 


Kollidon\A64 


3 


Avicel PH200 


30 


Magnesium stearate 


0.5 


Total 


125.5 



[0305] The tablet formulation was based on wet granula- 
tion in a high shear mixer Pellmix 1./8. 16 g Micronized 
tacroUmus was mixed with 640 g lactose 125 mesh and 80 g 
natrium lauryl sulfate in the high shear mixer. A 1 5% aqueous 
solution of binder KolllidonVA64 was pumped to the mixture 
at an impeller speed of 500 rpm at a feed rate of 20 g^min, and 
subsequently kneaded for 3 minutes at the equal speed. The 
granulate was dried in a tray dryer and sieved through sieve 
size 0.7 mm. 

[0306] The granulate was mixed with 240 g Avicel PH200 
for 3 minutes and for and after addition of 4 g magnesium 
stearate for further 0.5 minute. The mixture was compressed 

into tablets on a single punch tab letting machine Diaf TM20. 
[0307] Tablet diameter: 6 nun. Tablet shape: round, com- 
pound cup. 

[0308] The tablets were subsequently coated with an 
enteric coating of acrylic type as described in example 9. 
[0309] The amount of applied film polymer (Eudragit) 
should be based on a calculation of mg film polymer per cm^ 
tablet surface. The thickness of the enteric coating should be 
50-80 |Lim. A verification of the film thickness applied is based 
on measuring the increase in tablet height with a digital 
micrometer. The film coating process is performed in a Stre-1 
fluid bed equipped with a Wurster insert at the following 
process conditions: 
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Process parameter 


Process value 


Product load, g 


400 


Inlet air temperature, ^ C. 


40 


Inlet air flow, m"* per hour 


140 


Outlet air temperature, C. 


31 


1 ccd n^rc g/niri 





[ 03 1 0] After coating, proper film formation requires curing 
of the coated tablets, i.e. 30'^ C. in 48 hours in an oven. 
Alternatively the coated tablets more efficiently could be 
cured at 40° C. for 24 hours. 

Example 12 

ControUed Release Tablet Formulation Based on 
Eroding HPMC Matrix 

[0311] HPMC added as part of the extragranular phase. Wet 

granulation. 

Tablet Composition: 
[0312] 



Ingredients mg 



Tacrolimus 


2 


Lactose 


80 


Sodium lauryl sulfate 


10 


KollidonVA64 


3 


Avicel PH200 


30 


Metolose SH 90 


60 


Magnesium stearate 


1 


Total 


186 



[0313] The tablet formulation was based on wet granula- 
tion in a high shear mixer Pellmix 1/8. 16 g Micronized 
tacrolimus was mixed with 640 g lactose 125 mesh and 80 g 

natrium lauryl sulfate in the high shear mixer. A 15% aqueous 
solution of binder Kolllidon VA64 was pumped to the mixture 
at an impeller speed of 500 rpm at a feed rate of 20 g^min and 
subsequently kneaded for 3 minutes at equal impeller speed. 
The granulate was dried in a tray dryer and sieved through 
sieve size 0.7 mm. 

[0314] The granulate was mixed with 240 g Avicel PH200 
and 480 g hydroxypropylmethylcellulose Metolose SH 90 
100 cP for 3 minutes and for and after addition of 8 g mag- 
nesium stearate for further 0.5 minute. The mixture was com- 
pressed into tablets on a single punch tabletting machine Diaf 
TM20. 

[0315] Tablet diameter: 7 mm. Tablet shape: round, com- 
pound cup. 

Example 13 

Controlled Release Tablet Formulation Based on 
Eroding HPMC Matrix 

[ 03 1 6] HPMC added as part of the intragranular phase. Wet 
granulation. 



Tablet Composition: 
[0317] 



Ingredient 


mg 


Tacrolimus 


2 


Lactose 


80 


Sodium lauryl sulfate 


10 


Metolose SH 90 


80 


Avicel PH200 


60 


Magnesium stearate 


2 


Total 


234 



[0318] The tablet fomiulation was based on wet granula- 
tion in a high shear mixer Pellmix 1/8. 16 g Micronized 
tacrolimus was mixed with 640 g lactose 125 mesh and 80 g 
natrium lauryl sulfate and 640 g hydroxypropylmethylcellu- 
lose Metolose SH 90 15.000 cP in the high shear mixer. 
Purified water was pumped to the mixture at an impeller 
speed of 500 rpm at a feed rate of 20 g/min. and subsequently 
kneaded for 3 minutes. The granulate was dried in a tray dryer 
and sieved through sieve size 0.7 mm. 
[0319] The granulate was mixed with 480 g Avicel PH200 
for 3 minutes and for and after addition of 1 6 g magnesium 
stearate for further 0.5 minute. The mixture was compressed 
into tablets on a single punch tabletting machine Diaf TM20. 
[0320] Tablet diameter: 8 mm. Tablet shape: round, com- 
poimd cup. 

Example 14 

Controlled Release Tablet Formulation Based on 
Eroding HPMC Matrix 

[0321] HPMC added as part of the intragranular phase. 
Melt granulation 

Tablet Composition: 
[0322] 



Ingredient mg 



Tacrolimus 


2 


Lactose 


80 


PEG 6000 


15 


Poloxamer 188 


6 


Metolose SH 90 


80 


Avicel PH200 


60 


Magnesium stearate 


2 


Total 


245 



[0323] The tablet formulation was based on melt granula- 
tion in a high shear mixer Pellmix 1/8. 16 g Micronized 
tacrolimus was mixed with 640 g lactose 125 mesh and 120 g 
Polyethylene glycol 6000, 48 g Poloxamer 188 and 640 g 
hydroxypropylmethylcellulose Metolose SH 90 15.000 cP in 
the high shear mixer. The jacket of the mixer bowl was heated 
to 80^ C. and the blend was heated at an impeller rotation 
speed of 1000 rpm until melting point of PEG and Poloxamer. 
After mehing the kneading was continued for 4 minutes at 
800 rpm. The granulated was sieved tlirough sieve size of 0.7 
mm and cooled on a tray. The granulate was mixed with 480 
g Avicel PH200 for 3 minutes and for and after addition of 16 
g magnesium stearate for ftirther 0. 5 minute. The mixture was 
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compressed into tablets on a single punch tabletting machine 
Diaf TM20. Tablet diameter: 8 mm. Tablet shape: round, 
compound cup. 

Example 15 

Controlled Release Tablet Formulation Based on 
Eroding Kollidon SR Matrix Added as Part of the 
Extragranular Phase 

Tablet Composition: 

[0324] 



Ingredient 


mg 


Tacrolimus 


2 


Lactose 


80 


Sodium lauryl sulfate 


10 


KoUidonVAM 


3 


Lactose DC lacl4 


50 


KoUidon SR 


60 


Magnesium stearate 


1 


Total 


206 



[0325] The tablet formulation was based on wet granula- 
tion in a high shear mixer Pellmix 1/8. 16 g Micronized 
tacrolimus was mixed with 640 g lactose 125 mesh and 80 g 
natrium lauryl sulfate in the high shear mixer. A 15% aqueous 
solution of binder KollHdon VA64 (Kollidon SR is a mixture 
of polyvinyl acetate and polyvinylpyrrolidon 80:20) was 
pumped to the mixture at an impeller speed of 500 rpm at a 
feed rate of 20 g/min and subsequently kneaded for 3 minutes . 
The granulate was dried in a tray dryer and sieved through 
sieve size 0.7 mm. The granulate was mixed with 400 g 
lactose DC Lac 14 and 480 g Kollidon SR for 3 minutes and 
for and after addition of 8 g magnesium stearate for further 0.5 
minute. The mixture was compressed into tablets on a single 
punch tabletting machine Diaf TM20. 
Tablet diameter: 8 mm. Tablet shape: round, compound cup. 

Example 16 

Enteric Coated Tablet Formulation (Melt Granula- 
tion and Enteric-Coated Tablets) 

Tablet Composition: 

[0326] 



Ingredient mg 



Tacrolimus 


2 


Lactose 


80 


PEG 6000 


15 


Poloxamer 188 


6 


Avicel PH200 


60 


Magnesium stearate 


2 


Total 


165 



[0327] The tablet formulation was based on melt granula- 
tion in a high shear mixer Pellmix 1/8. 16 g Micronized 
tacrolimus was mixed with 640 g lactose 125 mesh and 1 20 g 
Polyethylene glycol 6000, 48 g Poloxamer 188 in the high 
shear mixer. The jacket of the mixer bowl was heated to 80° C. 



and the blend was heated at a impeller rotation speed of 1 000 
rpm until melting point of PEG and Poloxamer. After melting 
the kneading was continued for 4 minutes at 800 rpm. The 
granulated was sieved through sieve size of 0.7 mm and 
cooled on a tray. The granulate was mixed with 480 g Avicel 
PH200 for 3 minutes and for and after addition of 16 g 
magnesium stearate for further 0.5 minute. The mixture was 
compressed into tablets on a single punch tabletting machine 
Diaf TM20. Tablet diameter: 7 nmi. Tablet shape: round, 
compound cup. Enteric coating of the tablets is perfonned in 
accordance with the procedure described in Example 11. 

Example 17 
In Vitro Dissolution Data 

[0328] Compositions and dosage forms according to the 

previous examples were subjected to in vitro dissolution tests 

using two different dissolution media/tests. 

[0329] A. Using the dissolution medium/test: 900 ml aque- 
ous medium with 0.005% HPC (hydroxypropylcellulose) 
adjusted to pH^.5 (USP paddle method; rotation speed: 
50 rpm), the following dissolution profiles were found: 



% Release 



Time 








Ex. 8 


Ex. 9 - EC 


Ex. 10 


(hours) 


Ex. 1 


Ex.3 


Ex. 4 


(Rsd %) 


(Rsd %) 


(Rsd %) 


0 


0 


0 


0 


0(0) 


0(0) 


0(0) 


0.5 






2 








1 






4 








L5 


0 


0 










2 


0 


0 










3 






6 








4 
5 


1 


3 




7.8 (11.1) 


0.8 (32.3) 


7.4 (9.8) 


6 


3 


4 










g 


5 


7 


17 


17.0 (8.3) 


0.4 (61.1) 


13.3 (16.5) 


10 


20 


14 










15 


40 






32.2 (4.8) 


11.0 (17.3) 


36.0 (5.8) 


16 




38 










17 








35.1 (9.6) 


13.2 (12.1) 


44.5 (5.4) 


20 














24 






37 









[0330] Dissolution profile for tablet cores of Example 9 in 
dissolution media: 900 ml, aqueous media with 0.005% HPC 
(hydroxypropylcellulose) adjusted to pH=4.5. USP paddle 
method. Rotation speed: 50 rpm: 



Time 






(minutes) 


% release 


Rsd% 


0 


0 


0 


5 


27.2 


15.1 


10 


49.1 


10.9 


20 


80.7 


8.0 


35 


98.9 


5.4 


42 


102.7 


3.6 


52 


104.9 


2.0 



[0331] Dissolution profile for enteric coated tablets 
example 9 in dissolution medium accord, to USP Method A, 
delayed release articles. USP Paddle method. Rotation speed: 
50 rpm: 
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Time 






(minutes) 


% release 


Rsd % 


0 


0 


NA 


120 


0 


NA 


155 


84.8 


12.8 


165 


102.9 


NA 


175 


101.0 


3.5 



Example 18 

List of Stability Improving Measures for Improving 

and Optimizing an Extended Release Tacrolimus 
Formulation Comprising Tacrolimus in a Solid Solu- 
tion 

[0332] Tacrolimus in solubilized fonn is prone to degrada- 
tion and several degradation products may be produced dur- 
ing storage. Stability improving measurements tested for 
improving the stability of tacrolimus are disclosed in the 
following list. 

Vehicles, Antioxidant formulations 
addition of 

1000 ppm Propyl gallate 

500 ppm a-Tocopherol+500 ppm Lipoid 
[ 03 3 3] 5 00 ppm Ascorb^d palmitate 

1 000 ppm a-Tocopherol 
500 ppm a- Tocopherol 
50 ppm a-Tocopherol 

[0334] 1000 ppm Ascorbyl pahnitate+1000 ppm a-Toco- 
pherol 

500 ppm Ascorbyl palmitate+500 ppm a-Tocopherol 

250 ppm Ascorbyl palmitate+250 ppm a-Tocopherol 
50 ppm Ascorbyl palmitate+50 ppm a-Tocopherol 
Removal of impurities in a poloxamer by filtering through 
A1203 (Compalox) 

Addition of Dimethicon 
Addition ofBHT 

[0335] Addition of organic acids including Tartaric acid 

0.0 1 % Tartaric acid, 0.05% Tartaric acid, 0.1 0% Tartaric acid, 
0.20% Tartaric acid, 0.40% Tartaric acid, 0.50%o Tartaric acid, 
0.60% Tartaric acid, 0.75% Tartaric acid, 1% Tartaric acid, 
5% Tartaric acid 

Variation of Tartaric acid aromid 0.1 5%, with 200 ppm a-To- 
copherol 

Tablets, dried with N2 at 

25° 4 h dried by N2, low heat 65° C. low heating time, 
25° 24 h dried by N2, low heat 65° C. low heating time, 
40° 4 h dried by N2, low heat 65° C. low heating time, 
40° 24 h dried by N2, low heat 65° C. low heating time 
Tablets, open storage in different controlled humidities, 
11% humidity by L i CI 
32% humidity by MgC12, 

48% humidity by K2C03, 75% humidity by NaCl 
89% humidity by KN03 



Example 19 

A Clinical Study Comparing an Extended Release 
Formulation According to the Present Invention with 
Prograf® in Stable Kidney and Liver Transplant 
Patients, Respectively 

[0336] Blood concentration profiles are disclosed in FIGS. 

5 and 6 for stable kidney patients. 

Study Title: 

[0337] A Phase II, Open-Label, Multi-Center Prospective, 
Conversion Study in Stable Kidney Transplant Patients to 
Compare the Pharmacoldnetics of LCP-Tacro Tablets Once- 
A-Day to PrografK Capsules Twice-A-Day. LCP-Tacro 1 mg, 
2 mg, 5 mg Tablets 

[0338] Active Ingredient: Tacrolimus. 
[0339] Indications: Tacrolimus (Prograf®) is used to pre- 
vent rejection of liver, kidney and heart transplants. 
[0340] Study Design and Phase of Development: 3 -se- 
quence, open-label, prospective, multicenter, conversion trial 
(Phase II). 

[0341] Title of Study: A Phase II, Open-Label, Multi-Cen- 
ter Prospective, Conversion Study in Stable Kidney Trans- 
plant Patients to Compare the Pharmacokinetics of LCP- 
Tacro Tablets Once-A-Day to Prograf® Capsules Twice-A- 
Day 

[0342] Objectives: To evaluate tacroHmus exposure 
(AUCO-24) and trough levels (C24) in stable kidney trans- 
plant recipients converted from Prograf® Capsules (tacroli- 
mus, Astellas Phanna US, Inc.) to LCP-Tacro tablets in a 
three sequence study design, and to evaluate the safety of 
LCP-Tacro compared to Prograf. 

[0343] Main Criteria for Inclusion: Men and women 1 8-65 
years of age who were recipients of a renal transplant at least 

6 months prior to enrollment. 

[0344] Test Products/Investigational Products and Modes 
of Administration: LCP-Tacro 1 mg, 2 mg, 5 mg Tablets, 
administered orally once daily in the morning. 

[0345] Reference Product, Lot Number and Mode of 
Administration: Prograf® 0.5 mg, 1 mg, 5 mg Capsules, 
administered b.i.d. in two equally divided doses, once in the 
morning and once in the evening. 

[0346] Methodology: A three sequence, open-label, multi- 
center, prospective, study in stable kidney transplant patients 
to assess and compare the pharmacokinetics (C^^, C24, and 
AUC), and safety of LCP-Tacro (tacrolimus) tablets versus 

ProgmfE' (tacrolimus) capsules. 

[0347] Stable kidney transplant patients who fulfilled all 
inclusion/exclusion (WE) criteria were enrolled and kept on 
Prograf® for 7 days. Following a 24-hour PK study on Day 7 
to determine phamiacokinetics for Prograf®, all patients 
were converted to once daily LCP-Tacro (Ratio 1:0.66-0.80) 
for 7 days with no dose changes allowed. On Day 14 a 
24-hour LCP-Tacro PK study was performed. On Day 15 one 
predefined dose change was allowed if there was more than 
25% change in the mean of 3 trough levels measured on Days 
1 0± 1, 1 2±1 (separated by at least 48 hours from the previous 
sample) and 14 compared to the mean of 3 trougji levels 
measured on Days 0, 7 and 8 for each individual patient. 
[0348] Patients remained on the dose determined on Day 1 4 
for another 7 days with no dose changes allowed. .Another 
24-hour LCP-Tacro PK study was performed on Day 21 . On 
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Day 22 patients were converted back to their original twice- 
daily dose of Prograf® for a safety follow-up period of 30 
days ending with a safety assessment at Day 52. An interim 
PK analysis was preformed after 10 patients complete Day 
21, before continuing enrollment. 

[0349] Blood Draw Timepoints: The following blood 
samples were drawn during this study: 
For LCP-Tacro: Blood sampling points included: 0.00 (pre- 
dose), 0.50, 1.00, 1.50, 2.00, 3.00, 4.00, 6.00, 8.00, 12.00, 
14.00, 16.00, 20.00 and 24.00 hours post dose, on Days 14 
and 21. 

For Prograf®: Blood sampling points included: 0.00 (pre- 
dose), 0.50, 1.00, 1.50, 2.00, 3.00, 4.00, 6.00, 8.00, 12.00, 
12.50, 13.00, 13.50, 14.00, 15.00, 16.00, 20.00 and 24.00 
hours after the mornmg dose, on Day 7. 
[0350] Criteria for Evaluation: The pharmacokinetic analy- 
sis was performed on 47 patients. The safety assessment was 
performed on all patients who received at least 1 dose during 
the course of the study. 

[0351] Pharmacokinetics (PK): The following pharmaco- 
kinetic parameters for tacrolimus were calculated by standard 
non-compartmental methods: AUCx (t=24), Cmax, Cmin, 
Cave, T„^^, % Fluctuation, % Swing and Cmax/Cmiii. 
[0352] Statistical Methods : All demographic data, pharma- 
cokinetic parameters, laboratory data and AEs were summa- 
rized using descriptive statistics. For continuous data, the 
mean, standard deviation, median, minimtim and maximum 
were reported. For categorical data, percent and frequency 
were reported. 

[0353] Non-compartmental pharmacokinetic parameters 
[AUGt (t=24), Cmax, Cmin, Cave, Tmax] were calculated 
from blood concentration-time data. 



[0354] Statistical Methods Using GEM procedures in SAS, 
ANOVA was performed on natural logarithmic (In) trans- 
formed parameters AUC7, Cmax, Cmin, and Cavg and on 
untransformed parameters % fluctuation, % swing, and 
Cmax/Cmin. The model included treatment as a factor. The 
ratio of geometric ESMs along with the 90% CI was calcu- 
lated according to the following three comparisons for AUCx, 
Cmax, and Cmin: 

Day 14 Prograf versus Day 7 ECP-Tacro 
Day 21 Prograf versus Day 7 ECP-Tacro 
Day 21 ECP-Tacro versus Day 14 ECP-Tacro 
[0355] The parameter Tmax was analyzed using nonpara- 
metric methods. The Wilcoxon signed-rank test for pairwise 
treatments comparisons was used. The mean shift between 2 
treatments (as described above) was estimated by the median 
unbiased Hodges-Eehmann estimate and 90% exact confi- 
dence interval. 

[0356] The degree of correlation between AUCt and Cmin 
was quantified by calculating a correlation coeflicient and 
presenting graphical displays of the data on Days 7, 14, and 
2 1 . Both parameters were In-transformed prior to correlation 
analysis. Statistical analysis of subgroup race (Blacks vs. 
Non-Blacks) was performed as a suitable split was obtained 
between the two groups. 

Summary of Pharmacokinetic Results: 

Pharmacokinetic Parameters Of For Tacrolimus In All 
Patients: 

[0357] 



Geometric Mean (% CV) 
Arithmetic Mean ± SD 



Dose Uncorrected Data Dose Corrected Data 



Prograf ® Capsules LCP-Tacro Tablets Prograf ® Capsules LCP-Tacro Tablets 





b.i.d. orally 


q.d. orally 


b.i.d. orally 


q.d. orally 


Ph arm ac okin eti c 


Day 7 


Day 14 


Day 21 


Day 7 


Day 14 


Day 21 


PaiaiiieLers 


(I! = 47) 


(11 = 4^) 


(11 = 46) 


(11 = 47) 


(11 = ^7) 


(11 = 46 ) 


AUCt# 


212.12 (25.59) 


206.79 (29.27) 


209.05 (31.30) 


34.81 (52.08) 


47.73 (57.25) 


48.30 (56.46) 


(ng • lir/mL) 


218.82 ±55.99 


215.71 ±63.14 


218.03 ±68.23 


39.89 ±20.78 


56.83 ±32.54 


56.90 ±32.13 


Cmax (ng/mL) 


17.66 (42.59) 


12.64 (36.02) 


13.05 (41.91) 


2.90 (41.11) 


2.92 (47.24) 


3.02 (47.92) 




19.14 ±8.15 


13.45 ±4.84 


13.94 ±5.84 


3.18 ± 1.31 


3.29 ± 1.56 


3.44 ± 1.65 


Cmin (ng/mL) 


6.82 (22.01) 


6.59 (33.41) 


6.64 (31.70) 


1.12 (66.74) 


1.52 (64.87) 


1.53 (70.71) 




7.00 ± 1.54 


6.96 ±2.32 


6.94 ± 2.20 


1.35 ±0.90 


1.91 ±1.24 


1.92 ± 1.35 


Cavg (ng/mL) 


8.84 (25.59) 


8.62 (29.27) 


8.71 (31.29) 


1.45 (52.08) 


1.99 (57.25) 


2.C1 (56.46) 




9.12 ±2.33 


8.99 ± 2.63 


9.08 ± 2.84 


1.66 ±0.87 


2.37 ±1.36 


2.37 ± 1.34 


Tmax (kr)* 


1.82 


6.00 


6.00 


1.82 


6.00 


6.00 




(0.50-24.00) 


(1.00-16.00) 


(1.50-16.00) 


(0.50-24.00) 


(1.00-16.00) 


(1.50-16.00) 


Degree of 


127.41 ± 57.28 


73.24 ±44.96 


77.04 ± 50.59 


127.41 ± 57.28 


73.24 ± 44.96 


77.04 ± 50.59 


Fluctuation (%) 














Degree of 


174.55 ± 93.72 


102.80 ±75.24 


110.07 ±89.23 


174.55 ±93.72 


102.80 ± 75.24 


110.07 ±89.23 


Swing (%) 














Cmax/Cmin 


2.75 ± 0.94 


2.03 ± 0.75 


2.10 ±0.89 


2.75 ± 0.94 


2.03 ± 0.75 


2.10 ±0.89 



* median (min-max); 
#T = 24 hours 
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Summary of Phannacokinetic Results (cont'd): 

Pharmacokinetic Parameters Of For Tacrolimus In Black 
Patients: 

[0358] 



Geometric Mean (% CV) 
Aritjimetic Mean ± SD 



Dose Uncorrected Data Dose Corrected Data 





Prograf ® Capsules 
b.i.d. orally 


LCP-Tacro Tablets 
q.d. orally 


Prograf ® Capsules 
b.i.d. orally 


LCP-Tacro Tablets 
q.d orally 


Pharmacokinetic 


Day 7 


Dav 14 


Dav 21 


Day 7 


Day 14 


Day 21 


Parameters 


(n = 2Ci) 


(n = 20) 


(n=19) 


(11 = 20) 


(n = 20) 


(11=19) 


AUCt# 


242.19 (24.78) 


204.13 (32.48) 


216.93 (39.32) 


26.35 (74.70) 


31.57(84.23) 


32.50 (84.71) 


(ng ■ hr/mL) 


250.12 ±61.98 


214.78 ± 69.77 


231.41 ±90.99 


31.41 ± 23.47 


38.13 ±32.11 


39.17 ±33.18 


Cmax (ng/mL) 


21.72 (41.29) 


13.89 (41.05) 


14,48 (48.92) 


2.36 (46.02) 


2.15 (60.56) 


2.17 (64.07) 




23.73 ±9.80 


15.20 ± 6.24 


15.91 ±7.78 


2.61 ± 1.20 


246 ± 1.49 


2.53 ± 1.62 


Cmin (ng/mL) 


7.43 (21.57) 


6.21 (37.53) 


6.68 (38.83) 


0.81 (107.31) 


0.96 (99.20) 


1.00 (120.04) 




7.62 ±1.64 


6.62 ± 2.49 


7.09 ± 2.75 


1.07 ± 1.15 


1.26 ±1.25 


1.34 ± 1.61 


Cavg (ng/'mL) 


10.09 (24.78) 


8.51 (32.49) 


9.04 (39.32) 


1.10 (74.70) 


1.32(84.22) 


1.35 (84.70) 




10.42 ±2.58 


8.95 ± 2.91 


9.64 ±3.79 


1.31 ±0.98 


1.59 ± 1.34 


1.63 ± 1.38 


Tmax (hr)* 


1.91 


4.00 


6.00 


1.91 


4.00 


6.00 




(0.50-24.00) 


(1.00-12.00) 


(1.50-16.00) 


(0.50-24.00) 


(1.00-12.00) 


(1.50-16.00) 


Degree of 


145.87 ±60.72 


94.99 ± 54.11 


91.42 ±63.47 


145.87 ±60.72 


94,99 ±54.11 


91.42 ± 63.47 


Fluctuation (%) 














Degree of 


212.69 ± 108.38 


138.16 ±91.69 


135.87 ±114.34 


212.69 ± 108.38 


138.16 ±91.69 


135.87 ± 114.34 


Swing (%) 














Cmaxy'Cmin 


3.13 ±1.08 


2.38 ± 0.92 


2.36 ±1.14 


3.13 ± 1.08 


2.38 ± 0.92 


2.36 ± 1.14 



*median (min-max); 
#T = 24 hours 



Pharmacokinetic Parameters Of For Tacrolimus In Non- 
Black Patients: 

[0359] 



Geometric Mean (% CV) 
Arithmetic Mean ± SD 



Dose Uncorrected Data Dose Corrected Data 



Prograf ® Capsules LCP-Tacro Tablets Prograf ® Capsules LCP-Tacro Tablets 
b.i.d. orally q.d. orally b.i.d. orally q.d. orally 



Ph armac okin eti c 


Day 7 


Day 14 


Dav 21 


Day 7 


Day 14 


Day 21 


Parameters 


(11 = 27) 


(n = 27) 


(n = 27) 


(n = 27) 


(n = 27) 


(11 = 27) 


AUCr# 


192.28 (19.32) 


208.78 (27.32) 


203.68(21.98) 


42.79 (35.25) 


64.82 (36.10) 


63.83 (36.26) 


(ng ■ hr/mL) 


195.64 ±37.79 


216.40 ±59.11 


208.62 ±45.86 


46.18 ± 16.28 


70.69 ± 25.52 


69.37 ±25.15 


Cmax (ng/mL) 


15.15 (27.81) 


11.79 (24.56) 


12.14(27.91) 


3.37 (34.44) 


3.66 (33.56) 


3.80 (33.35) 




15.74 ±4.38 


12.14 ± 2.98 


12.55 ±3.50 


3.60 ± 1.24 


3.92 ±1.31 


4.08 ± 1.36 


Cmin (ng/mL) 


6.41 (19.98) 


6.88 (30.70) 


6.60 (25.79) 


1.43 (39.02) 


2.14 (41.92) 


2.07 (42.40) 




6.54 ±1.31 


7.20 ± 2.21 


6.84 ± 1.76 


1.56 ± 0.61 


2.40 ±1.01 


2.32 ±0.98 


Cavg (ng/'mL) 


8.01 (19.31) 


8.70 (27.32) 


8.49 (21.98) 


1.78 (35.25) 


2.70 (36.10) 


2.66 (36.26) 




8.15 ±1.57 


9.02 ± 2.46 


8.69 ± 1,91 


1.92 ±0.68 


2.95 ± 1.06 


2.89 ±1.05 


Tmax (hr)* 


1.52 


6.00 


7.87 


1.52 


6.00 


7.87 




(0.50-13.48) 


(2.00-16.00) 


(1.53-12.05) 


(0.50-13.48) 


(2.00-16.00) 


(1.53-12.05) 


Degree of 


113.74 ±51.53 


57.13 ± 28.34 


66.92 ± 37.20 


113.74 ±51.53 


57.13 ± 28.34 


66.92 ±37.20 


Fluctuation (%) 














Degree of 


146.30 ± 70.76 


76.61 ± 46.88 


91.92 ±62.46 


146.30 ± 70.76 


76.61 ± 46.88 


91.92 ±62.46 


Swing {%) 














Cmax/'Cmin 


2.46 ±0.71 


1.77 ± 0.47 


1.92 ± 0.62 


2.46 ± 0.71 


1.77 ± 0.47 


1.92 ±0.62 



*median (min-max); 
#T = 24 hours 
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Summary of Phamiacokinetic Results (Cont'd): 

[0360] Relative Bioavailability Assessments For Day 14 

versus Day 7 For Tacrolimus In All Patients: 



Dose Uncorrected Data Dose Corrected Data 



Parameter 


90% C.I. 


Ratio of 
Means 


Intra- 
Subject 
CV 


90% CI. 


Ratio of 
Means 


Intra- 
Subject 
CV 


AUCt* 


88.63% to 


97.49% 


28.44% 


111.97% to 


137.09% 


64.84% 




107.23% 






167.84% 






Cmax 


63.09% to 


71.59% 


38.29% 


84.52% to 


100.67% 


54.74% 




81.23% 






119.91% 






Cmin 


87.33% to 


96.53% 


29.97% 


107.43% to 


135.74% 


77.33% 




106.70% 






171.51% 







*T = 24 hours 



Relative Bioavailability Assessments For Day 2 1 versus Day 
7 For Tacrolimus In All Patients: 



Dose Uncorrected Data Dose Corrected Data 



Parameter 


90% CI. 


Ratio of 
Means 


Intra- 
Subject 
CV 


90% CI. 


Ratio of 
Means 


Intra- 
Subject 
CV 


AUCt* 


89.55% to 


98.55% 


28.44% 


113.19% to 


138.73% 


64.84% 




108.46% 






170.03% 






Cmax 


65.11% to 


73.93% 


38.29% 


87.29% to 


104.07% 


54.74% 




83.95% 






124.08% 






Cmin 


87.91% to 


97.23% 


29.97% 


108.17% to 


136.84% 


77.33% 




107.53% 






173.12% 







*T = 24 hours 



Relative Bioavailability Assessments For Day 21 versus Day 
14 For Tacrolimus In All Patients: 



Dose Uncorrected Data 



Dose Corrected Data 



Parameter 



Intra- Intra- 
Ratio of Subject Ratio of Subject 

90% C.I. Means CV 90% C.I. Means CV 



AUCt* 91.86% to 101.09% 28.44% 82.56% to 101.20°/o 64.84% 

111.26% 124.03% 

Cmax 90.96% to 103.28% 38.29% 86.71% to 103.38% 54.74% 

117.27% 123.25% 

Cmin 91.07% to 100.72% 29.97% 79.69% to 100.81% 77.33% 

1:1.40% 127.S4"o 



*T = 24 hours 
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Day 7 




Day 14 


Day 21 




AUCt 


Cmin 


AUCt Cmin 


AUCt Cmin 


Parameter 


(ng ■ luymL) 


(ng/mL) 


(ng • hr/mL) (ng/mL) 


(ng ■ hr/mL) (ng/mL) 






Dose Uncorrected Data 




Mean 


5.35716 


1.92049 


5.33171 1.88517 


5.34260 1.89238 


Standard 


0.25141 


0.23353 


0.29591 0.33707 


0.28751 0.29989 


Deviation 










Correlation 


0.78656 


0.91380 


0.86471 


p-value 


<.0001 




<.0001 


<.0001 






Dose Corrected Data 




Mean 


3.55001 


0.11346 


3.86547 0.41903 


3.87736 0.42713 


Standard 


0.54311 


0.62557 


0.62680 0.72963 


0.60442 0.69479 


Deviation 










Correlation 


0.97266 


0.99092 


0.98176 


p-value 


<.0001 




<.0001 


<.0001 
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Correlation Betw^een AUCt aad Cmin For Tacrolimus: 
[0361] 



CONCLUSION 

[03 62] The primary objective of this study was to evaluate 
steady state tacrolimus exposure (AUCt) and trough levels 
(Cmin) in stable kidney transplant recipients converted from 
PrografS: (tacrolimus, Astellas Pharma US, hic.) to LCP- 
Tacro in a tliree sequence study design. 
[0363] Following dose correction, the systemic exposure of 
tacrolimus at steady-state (AUCt) and the trough tacrolimus 
levels (Cmin) were significantly higher when LCP-Tacro tab- 
lets q.d. were administered compared to therapy with Pro- 
grafS) Capsules b.i.d. in kidney transplant patients. The sys- 
temic exposure (AUCt and Cmin) over the period of 24 hours 
of LCP-Tacro 2 mg Tablets (q.d.) was -38% and -36% higher 
than that of Prograf® Capsules (b.i.d). Tlie average concen- 
tration of the drug over the dosing interval, Cavg. was signifi- 
cantly higher for the LCP-Tacro therapy compared to Pro- 
graf®. 

[0364] Also, there were no statistically significant differ- 
ences in the peak systemic exposure (Cmax) of tacrolimus 
between Prograf® tiherapy and when LCP-Tacro was given 
on Days 14 and 21 . In addition, the treatment with Prograf® 
showed a significantly higher degree of fluctuation and swing 
compared to LCP-Tacro. There was a greater correlation 
between AUCt Cmin on days 14 and 2 1 (LCP-Tacro therapy) 
compared to Prograf® (Day 7); however, the magnitude of 
difference was not high. There were no significant differences 
in the overall systemic exposure, trough tacrolimus levels or 
degree of fluctuation and swing when comparing LCP-Tacro 
given on Day 14 compared to when it was given on Day 21 . 
[0365] A sub-group analysis of blacks versus non-blacks 
who are either on PrografS* or LCP-Tacro therapy, shows that 
there were statistical differences in the peak and systemic 
exposure of tacrolimus as well as the trough tacrolimus levels 
indicating the necessity for caution when dosing the black 
population. 

[03 66] The results from this study show that following con- 
version from Prograf to LCP-Tacro, LCP-Tacro therapy 
shows a significantly higher systemic exposure and a less 
degree of fluctuation and swing of tacrolimus at steady state 
when compared to when Prograf® therapy is given to stable 
kidney transplant patients. In addition, the peak exposure of 
tacrolimus is similar upon comparing the different treat- 
ments; however the average concentration over the dosing 
interval was higher for LCP-Tacro. 



[0367] Discussion and Overall Conclusions: The primary 
objective of this study was to evaluate steady state tacrolimus 
exposure (AUCt) and trough levels (Cmin) in stable kidney 
transplant recipients converted from Prograf® (tacrolimus, 
Astellas Pharma US, Inc.) to LCP-Tacro in a three sequence 
study design. 

[0368] Following dose correction, the systemic exposure of 
tacrolimus at steady-state (AUCt) and the trough tacrolimus 
levels (Cmin) were significantly higher when LCP-Tacro tab- 
lets q.d. were administered compared to therapy with Pro- 
grafS) Capsules b.i.d. in kidney transplant patients. The sys- 
temic exposure (AUCt and Cmin) over the period of 24 hours 
of LCP-Tacro 2 mg Tablets (q.d.) was -38% and -36% higher 
than that of Progral^S' Capsules (b.i.d). The average concen- 
tration of the drug over the dosing interval, Cavg, was signifi- 
cantly higher for the LCP-Tacro therapy compared to Pro- 
graf® .Also, there were no statistically significant differences 
in the peak systemic exposure (Cmax) of tacrolimus between 
Prograf®' therapy and when LCP-Tacro was given on Days 1 4 
and 21. In addition, the treatment with Prograf® showed a 
significantly higher degree of fluctuation and swing com- 
pared to LCP-Tacro. There was a greater correlation between 
AUCt and Cmin on days 14 and 21 (LCP-Tacro therapy) 
compared to Prograf® (Day 7); however, the magnitude of 
difference was not high. There were no significant differences 
in the overall systemic exposure, trough tacrolimus levels or 
degree of fluctuation and swing when comparing LCP-Tacro 
given on Day 14 compared to when it was given on Day 21 . 
[0369] A sub-group analysis of blacks versus non-blacks 
who are either on Prograf® or LCP-Tacro therapy, shows that 
there were statistical differences in the peak and systemic 
exposure of tacrolimus as well as the trough tacrolimus levels 
indicating the necessity for caution when dosing the black 
population. 

[0370] The results from this study show that following con- 
version from Prograf to LCP-Tacro, LCP-Tacro therapy 
shows a significantly higher systemic exposure and a less 
degree of fluctuation and swing of tacrolimus at steady state 
when compared to when Prograf® therapy is given to stable 
kidney transplant patients. In addition, the peak exposure of 
tacrolimus is similar upon comparing the different treat- 
ments; however the average concentration over the dosing 
interval was higher for LCP-Tacro. 
Results from Study in Stable Liver Transplant Patients 
[0371] Summary statistics of dose uncorrected pharmaco- 
kinetic parameters of tacrolimus in male and female stable 
liver transplant patients on days 7, 14, and 21 
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Day 7 


Day 14 


Day 21 


Parameter 


Mean ± SD 


Mean ± SD 


Meaa ± SD 


AUCtau" 


205.09 ± 61.28 


194.93 ± 58.99 


215.52 ± 79.43 


(ng ■ hr/mL) 


196.35 (29.88)* 


185.34 (30.26)* 


202.15 (36.85)* 


Cmax (ng/mL) 


18.46 ± 7.77 


12.49 ± 4.08 


13.70 ± 5.95 




16.87 (42.07)* 


11.80 (32.66)* 


12.62 (43.39)* 


Cmin (ng/mL) 


6.72 ± 2.07 


6.37 ±2.38 


6.85 ±2.63 




6.40 (30.76)* 


5.91 (37.38)* 


6.37 (38.44)* 


Tmax (kr) 


3.18 ±4.53 


6.31 ±3.47 


5.92 ±3.31 




1.82 (142.58)* 


5.32 (55.07)* 


5.05 (55.84)* 


Cavg (iig^'mL) 


8.55 ± 2.55 


8.12 ±2.46 


8.98 ±3.31 




8.18(29.88)* 


7.72 (30.26)* 


8.42 (36.85)* 


Degree of 


133.46 ± 56.19 


79.21 ±47.10 


76.60 ±40.97 


Fluctuation 


121.09(42.10)* 


67.02 (59.47) 


65.34 (53.48)* 


(%) 








Degree of 


175.02 ± 80.68 


112.44 ±83.36 


107.97 ± 67.32 


Swing (%) 


154.73 (46.10)* 


87.59 (74.14)* 


86.44 (62.35)* 


Cmaxy'Cmin 


2.75 ± 0.81 


2.12 ±0.83 


2.08 ± 0.67 




2.63 (29.34)* 


2.00 (39.24)* 


1.98 (32.37)* 



♦Geometric Mean (% CV) 

N = 56 on day 21, N = 57 on day 7 and day 14 

^tau = 24 hrs. 

Day 7 - Prograf ® capsules b.i.d. orally 
Day 14 - LCP-Tacro tablets q.d. orally 
Day 21 - LCP-Tacro tablets q.d. orally 



Comparison of dose uncorrected pharmacokinetic param- 
eters of tacrolimus in male and female patients between day 7 
andda}^ 14 





AUCtau'^ 


Cmax 


Cmin 


90% Geometric C.L* 


85. 12% to 


61.81% to 


82.12% to 




104.67% 


79.23% 


103.69% 


Ratio of Means** 


94.39% 


69.98% 


92.28% 


CV*** 


34.31% 


41.75% 


39.0 



tau = 24 hrs. 

90% Geometric Confidence Interval using log-transformed data. 

♦♦Calculated using geometric means according to the formula: e((test drug) 
- (reference drug)) x 100%. 

***CoefRcient of variation for log-transformed pharmacokinetic parameter. 
Day 14 - LCP-Tacro tablets q.d. orally 
Day 7 - Prograf ® capsules b.i.d. orally 

Comparison of dose uncorrected pharmacokinetic param- 
eters of tacrolimus in male and female patients between day 7 
and day 21 



AUCtau Cmax Cmin 



-continued 




AUCtau^ 


Cmax 


Cmin 


Ratio of Means** 


102.95% 


74.81% 


99.44% 


CV*** 


34.3 


41.75% 


39.00% 



tau = 24 krs. 

90% Geometric Confidence Interval using log-transformed data. 

**Calculated using geometric means according to the formula: e((test drug) 
- (reference drug)) x 100%. 

***Coefficient of variation for log- trans fomied pharmacokinetic parameter. 
Day 21 - LCP-Tacro tablets q.d. orally 
Day 7 - Prograf ® capsules b.i.d. orally 
1 

Comparison of dose uncorrected pharmacokinetic param- 
eters of tacrolimus in male and female patients between day 
14 and day 21 





AUCtau'^ 


Cmax 


Cmin 


90% Geometric C.L* 


98.31% to 


94.37% to 


95.85% to 




121.00% 


121.11% 


121.15% 


Ratio of Means 


109.07% 


106.91% 


107.76% 


CV*** 


34.31% 


41.75% 


39.00% 



tau = 24 hrs. 

*90% Geometric Confidence Interval using log-transformed data. 

** Calculated using geometric means according to the formula: e((test drug) 

- (reference dmg)) x 100%. 

***Coefficient of variation for log-transfomied pharmacokiaetic parameter. 

Day 21 - LCP-Tacro tablets q.d. orally 
Day 14 - LCP-Tacro tablets q.d. orally 



90% Geometric CI* 92.80% to 66.04% to 88.45% to 

1 14.22% 84.75% 1 1 1 .79% 



Summary statistics of dose corrected pharmacokinetic 
parameters of tacrolimus in male and female stable liver 
transplant patients on days 7, 14, and 21 
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Day 7 


Day 14 


Day 21 








iVICcLLL X OIV 


AUCtau" 


38.13 ± 16.45 


50.85 ±21.96 


51.12 ± 22.14 


(ng ■ hr/mL) 


34.99 (43.13)* 


45.87 (43.1 


46.85 1^3.31)* 


Cmax (ng/mL) 


3.36 ± 1.65 


3.19 ± 1.29 


3.13 ± 1.23 




3.01 (49.16) 


2.92 (40.31 


2.92 (39.25)* 


Cmin, (ng/mL) 


1.25 ± 0.54 


1.68 ±0.84 


1.68 ± 




1.14 (43.57)* 


1.46 (50.08)* 


1.48 (52.17)* 


Tmax (hr) 


3.18 ±4.53 


6.31 ±3.47 


5.92 ± 3.31 




1.82 (142.58)* 


5.32 (55.07)* 


5.05 (55.84)* 


Cavg (iig;'mL) 


1.59 ± 0.69 


2.12 ±0.92 


2.13 ± 0.92 




1.46 (43.13)* 


1.91 (43.19)* 


1.95 .(43.31)* 


Degree of 


133.46 ± 56.19 


79.21 ±47.10 


76.60 ± 40.97 


Fluctuation 


121.09 (42.10)* 


67.02 (59.47)* 


65.34 


(%) 








Degree of 


175.02 ± 80.68 


112.44 ±83.36 


107.97 ± 67.32 


Swing (%) 


154.73 (46.10 


87.59 (74.14 


86.44 (62.35)* 


Cmaxy'Cmin 


2.75 ± 0.81 


2.12 ±0.83 


2.08 ± 0.67 




2.63 (29.34)* 


2.00 (39.24)* 


1.98 (32.37)=^ 



* Geometric Mean (% CV) 
tail = 24 hrs. 

Day 7 - Prograf ® capsules b.i.d. orally 
Day 14 - LCP-Tacro tablets q.d. orally 
Day 21 - LCP-Tacro tablets q.d. orally 



Comparison of dose corrected pharmacokinetic parameters 
of tacrolimus in male and female patients between day 7 and 
day 14 



Comparison of dose corrected pharmacokinetic parameters 
of tacrolimus in male and female patients between day 14 and 
day 21 





AUCtau^ 


Cmax 


Cmin 




AUCtau'^ 


Cmax 


Cmin 


90% Geometric C.I.* 
Ratio of Means** 


114.35% to 
150.28% 

131.09% 
46.33% 


85 .04% to 
111.06% 

97.19% 
45.15% 


109.63% to 
149.81% 

128.16 

53.77% 


90% Geometric C.I.* 

Ratio of Means** 


89.04% to 
117.16% 

102.14% 


87.56% to 
114.48% 

100.12% 

4S.1 v>o 


87.56% to 
114.48% 

100.92% 



tau = 24 hrs. 

*90% Geometric Confidence Interval using log-transformed data. 
**Calculated using geometric means according to the formula: e((test drug) 
- (reference dnig)) x 100%, 

***CoefRcient of variation for log- transformed pharmacokinetic parameter. 
Day 14 - LCP-Tacro tablets q.d. orally 
Day 7 - Prograf ® capsules b.i.d. orally 

Comparison of dose corrected pharmacokinetic parameters 
of tacrolimus in male and female patients between day 7 and 
day 21 





AUCtau^ 


Cmax 


Cmin 


90% Geometric C.I.* 


116.73% to 


85.09% to 


110.56% to 




153.59% 


111.26% 


151.29% 


Ratio of Means** 


133.90% 


97.30% 


129.33% 


CV*** 


46.33% 


45.15% 


53.77% 



tail = 24 hrs. 

*90% Geometric Confidence Interval using log-transformed data. 
**Calculated using geometric means accorduig to the formula: e((test drug) 
- (reference drug)) x 100%. 

***CoefRcieiit of variation for log-transformed pharmacokinetic parameter. 
Day 21 - LCP-Tacro tablets q.d. orally 
Day 7 - Prograf ® c^sules b.i.d. orally 



tau = 24 hrs. 

*90% Geometric Confidence Interval using log-transformed data. 

** Calculated using geometric means according to the formula: e((test drug) 
- (reference drug)) x 100%. 

***Coeflficient of variation for log-transformed pharmacokinetic parameter. 
Day 21 - LCP-Tacro tablets q.d. orally 
Day 14 - LCP-Tacro tablets q.d. orally 

As appears from the results of the stable liver transplant 
patients the following is obtained: Approximately 31% 
improvement in bioavailability; approximately 30 reduction 
in dose achieved bioequivalence for AUC(0-24) and 
C(min24); reduced Cmax: Cmin ratio and high AUC:Cmin 
correlation. 

Example 20 

[0372] Comparison of a formulation according to the 
invention (LCP-Tacro) against a commercial available 
extended release tacrolimus formulation for once dail)^ dos- 
ing, Advagraf® 

[0373] The primar)^ objective of this study is to determine 
and compare the rate and extent of absorption of tacrolimus 
from a test formulation of LCP-Tacro 2 mg Tablets taken once 
daily (q.d.) versus the reference Advagraf® 2x1 mg Capsules 
(q.d.) imder multiple-dose, fasting conditions. 
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A randomized, two-way crossover, open-label, multiple-dose, fasting 
design. 

Thirt}' normal, healthy, non-smoking Caucasian male subjects. 
LCP-Tacro 2 mg Tablets 
Advagraf © 1 mg Capsules 

Subjects will receive 1 of the following treatments on Days 1 to 10 of 

each study period, according to a randomization scheme: 

Treatment A: 1 LCP-Tacro 2 mg Tablet (q.d.) 

(Daily treatment dose = 2 mg) 

Treatment B: 2 Advagraf ® 1 mg Capsules (q.d.) 

(Daily treatment dose = 2 mg ) 

This study consists of 2 sixteen-day periods (with a follow-up visit 30 to 
35 days after tlie last dose of Period 11) separated by at least a 
two-week washout period from the last dose of Period I to the first 
dose of Period 11. Subjects will be institutionalized from the day before 
Day 1 dosing until 24 hours after Day 10 dosing for each study period. 
Subjects are required to return for subsequent blocd draws. 
Pharmacokinetics (PK): 

A total of 50 blood samples (4 mL each) will be drawn in each period 
according to the following schedule: 

Day 1: 0.00 (pre-dose), 0.50, 1.00, 1.50, 2.00, 3.00,4.00, 5.00, 6.00, 
7.00, 8.00, 9.00, 10.00, 12.00, 14.00, 16.00,20.00 and 24.00 (pre- 
dose for Day 2 dosing) hours post-dose. 

Days 5, 6, 7, 8, and 9: 0.00 (pre-dose) and 12.00 hours post-dose. 
Day 10: 0.00 (pre-dose), 0.50, 1.00, 1.50, 2.00, 3.00, 4.00, 5.00, 6.00, 
7.00, 8.00, 9.00, 10.00, 12.00, 14.00, 16.00,20.00, 24.00,48.00, 
72.00, 96.00 and 120.00 hours post-dose. 

Biochemistry 

Samples will be drawn during this study as follows: 
Pre-Study: At the screening visit(s) 
Days 3 and 8: 0.00 hour (pre-dose) 
End-of-Study: After the last retimi blood draw 

Post-Study Follow-up visit: Between Days 30 to 35 after the last dose 
of Period II. 

457.5 mL of blood will be taken from each subject. 



[0374] AdvagrafCg) is manufactured by Astellas Pharma 
GmbH Munich, Germany Study Synopsis 



Experimental 
Design 
Population 
Study Drugs 

Treatments 



Duration of 
Treatment 



Blood 

Collection 

Blood 

Collection 

(Cont'd) 



[0375] PK: The PK parameters was calculated using non- 

compartmental analysis for tacrolimus as follows: 
[0376] Day 1 : AUC^ ^4, Cmax, C24, and T^^^. 
[0377] Day 10: AUCx (T=24), C^^^ C^^.„, C^l^, T„^^^, tl/2, 
Kel, % Fluctuation, % Swing, AUCT/Cmin, Cmax/Cmin and 
Accumulation Ratio (R). 

[0378] Statistics: Descriptive statistics was calculated for 
blood concentrations and for all PK parameters. The mtio 
(Test/Reference) of geometric least square means (LSMs) 
and the 90% confidence interval (CI) was calculated for natu- 
ral logarithmic (In) transformed parameters AUCO-24, 
AUCt, Cmax, C24, Cmin, Cavg and untransfonned param- 
eters % Fluctuation, % Swing, R, Cmax/Cmin, AUCt/Cmin, 
Kel and tl/2. Tmax was analyzed using nonparametric meth- 
ods. 

[0379] The following results were obtained demonstrating 
significant higher bioavailability with a product according to 
the invention and at the same time having a profile demon- 
strating a much more extended absorption of the drug of 
almost 50%. much lower fluctuation in concentrations during 
the dosing period and high concentration by the end of the 
dosing interval where by a tnie once daily effect is obtained 
and any toxicity or side effect related to periods with high 
concentrations is eliminated to the extend possible with an 
oral once daily formulation. The present invention provided a 
formulation which with an 2 mg oral dosing in the morning 
provides an average concentration for full 24 hours wliich is 
above 4 ng/mL (according to results below a Cmin of 4.66 
ng/mL is provided) which is substantially higher than with the 



marketed once daily product Advagraf® (Cmin 2.80 ng/mL) 
with the same administered dosage. 

[0380] Pharmacokinetic parameters of tacrolimus in 
healthy Caucasian male subjects for treatment A, on day 1 



TABLE 20-1 





Cmax 
(ng/mL) 


AUC (0-24) 
(ng • hr/mL) 


C24 

(ng/mL) 


Tmax 
(hr) 


Mean 


3.60 


49.79 


1.82 


7.52 


SD (±) 


1.04 


13.26 


0.56 


3.08 


Median 


3.57 


46.63 


1.69 


7.00 


CV (%) 


28.79 


26.63 


30.65 


40.88 


Geometric 


3.46 


48.19 


1.73 


6.99 


Mean 










Range (min) 


2.07 


27.56 


0.66 


3.00 


(max) 


5.47 


79.18 


2.85 


16.00 


n = 


21 


21 


21 


21 



Treatment A: 1 LCP-Tacro 2 mg Tablet (q.d.) 



[0381] Pharmacokinetic parameters of tacrolimus in 
healthy Caucasian male subjects for treatment B, on day 1 

TABLE 20-2 



Cmax AUC (0-24) C24 Tmax 

(ng/mL) (ng ■ hr/mL) (ng/mL) (hr) 



Mean 3.44 34.00 0.97 2.19 

SD(±) 0.99 9.41 0.37 0.77 
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TABLE 20-2-continiied 





Cmax 


AUG (0-24) 


C24 


Tmax 




(ng/mL) 


(ng ■ hr/mL) 


(ng/mL) 


(hr) 


Median 


3.28 


33.04 


0.83 


2.00 


CV (%) 


28.78 


27.67 


38.37 


34.97 


Geometric 


3.31 


32.92 


0.91 


2.07 


Mean 










Range (min) 


2.19 


22.07 


0.58 


1.00 



TABLE 20-2 -continued 





Cmax 


AUC (0-24) 


C24 


Tmax 




(ng/mL) 


(ng ■ hr/mL) 


(ng/mL) 


(lir) 


(max) 


5.48 


61.56 


2.00 


4.00 


n = 


21 


21 


21 


21 



Treatment B: 2 Advagraf ® 1 mg Capsules (q.d.) 



[0382] Pharmacokinetic parameters of tacrolimus in 
healthy Caucasian male subjects for treatment A, on day 10 



T.\BLE 20-3 





AUC,^ 


Cmax 


Cmin 


Tmax 


Cavg 


Kel 




Fluctuation 






Cmax/ 




ng ■ hr/mL 


ng/mL 


ng/mL 


(hr) 


(ng/mL) 


(hr^(-l)) 


(hr) 


(%) 


Swing 


R 


Cmin 


Mean 


142.27 


8.39 


4.66 


7.03 


5.93 


1.87E-02 


37.97 


64.72 


85.45 


2.85 


1.85 


SD (±) 


49.41 


2.89 


1.71 


2.96 


2.06 


2.76E-03 


5.83 


22.97 


37.62 


0.64 


0.38 


CV (%) 


34.73 


34.51 


36.60 


42.11 


34.73 


1.84E-02 


37.62 


35.48 


44.03 


22.42 


20.29 


Median 


136.31 


7.68 


4.51 


8.00 


5.68 


1.48E+01 


15.36 


64.06 


87.79 


2.91 


1.88 


Geometric 


133.99 


7.93 


4.35 


6.03 


5.58 


1.85E-02 


37.56 


60.92 


78.16 


2.77 


1.82 


Mean 
























Range 


69.84 


4.53 


1.94 


1.00 


2.91 


1.42E-02 


29.03 


31.46 


36.05 


1.52 


1.36 


(min) 
























(Max) 


236.15 


14,30 


7.61 


12.00 


9.86 


2.39E-02 


48.94 


123.52 


191.31 


4.29 


2.91 


n = 


2(1 




2(1 


2Ci 






2i' 


2^.1 




20 





Tau = m 24 hrs 

Treatment A: 1 LCP Tacio 2 mg Tablet (q.d.) 



Pharmacokinetic parameters of tacrolimus in healthy Cauca- 
sian male subjects for treatment B, on day 10 



TABLE 20-4 





AUC,,, 


Cmax 


Cmin 


Tmax 


Cavg 


Kel 


VA 


Fluctation 






Cmax/ 




ng ■ hi/mL 


ng/mL 


ng/mL 


(hr) 


ng/mL 


(hr"(-l)) 


(hr) 


(%) 


Swing 


R 


Cmin 


Mean 


94.15 


7.00 


2.80 


2.40 


3.92 


1.83E-02 


38.65 


110.22 


158.53 


2.80 


2.59 


SD (±) 


28.24 


2.04 


0.98 


1.21 


1.18 


2.85E-03 


5.69 


28.20 


48.20 


0.86 


0.48 


CV (%) 


29.99 


29.21 


34.79 


50.40 


29.99 


1.77E-02 


39.26 


25.58 


30.40 


30.85 


18.64 


Median 


89.82 


6.97 


2.52 


2.00 


3.74 


1.55E+01 


14.71 


116.55 


169.20 


2.59 


2.69 


Geometric 


89.86 


6.71 


2.64 


2.16 


3.74 


1.81E-02 


38.24 


106.46 


150.98 


2.70 


2.54 


Mean 
























Range 


49.14 


4.32 


1.39 


1.0 


2.05 


1.40E-02 


28.10 


54.97 


74.41 


1.82 


1.74 


(min) 
























(Max) 


138.85 


10.50 


4.46 


6.00 


5.79 


2.47E-02 


49.39 


161.17 


238.80 


5.56 


3.39 


n = 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 



Treatment B: 2 Advagraf ® 1 mg Capsules (q.d.) 



[0383] Comparison of Tmax of tacrolimus in healthy Cau- 
casian male subjects between days 1 and 10, for treatments A 
andB 

Table 20-5: 
[0384] 





Day 1 


Day 10 


Estimate, 




Treatment 


Median (Range) 


Median (Range) 


90% C.I.* 


p- value** 


A 


7.00 (3.00, 16.00) 


8.00 (1.00, 12.00) 


0.00 (-2.00, 2.00) 


0.901 


B 


2.00(1.00,4.00) 


2.00 (1.00, 6.00) 


0.00 (-0.50, 0.00) 


0.776 



*Hodges-Lehmann point estimate and 90% exact CI for the treatment difference. 
**p-value for treatment comparison based on the Wilcoxon-Mann- Whitney test. 
Treatment A: 1 LCP Tacro 2 mg Tablet (q.d.) 
Treatment B: 2 Advagraf® 1 mg Capsules (q.d.) 
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[0385] Summary statistics and comparison of pharmacoki- 
netic parameters of tacrolimus in healthy Caucasian male 
subjects, between treatments A and B, on day 1 



TABLE 20-6 







Treatment A 




Treatment B 


PammeiiteT 


n 


Meiui ± SD 


n 


Mean ± SD 


AUC(0-24) 


21 


49.79 ± 13.26 


21 


34.00 ± 9.41 


(ng ■ hr/mL) 




48.19 (26.63)* 




32.92 (27.67)* 


C24 (ng/mL) 


21 


1.82 ±0.56 


21 


0.97 ± 0.37 






1.73 (30.65)* 




0.91 (38.37)* 


Cmax (ng/mL) 


21 


3.60 ± 1.04 


21 


3.44 ± 0.99 






3.46 (28.79)* 




3.31 (28.78)* 


Tmax (hr) 


21 


7.00 (3.00, 16.00)** 


21 


2.00(1.00,4.00)** 



* Geometric mean (% CV) 
**Median (Range) 

Treataient A: 1 TCP Tacro 2 mg Tablet (q.d.) 
Treatment B: 2 Advagraf ® 1 mg Capsules (q.d.) 



[ 03 8 6] Suromary stati stic s and comparison of pliarmacoki - 
netic parameters of tacrolimus in healthy Caucasian male 
subjects, between treatments A and B, on day 1 



TABLE 20-7 





AUC (0-24) 


C24 


Cmax 


90% Geometric C.I. 1 


133.95% to 


161.80% to 


93.92 to 




163.57% 


222.46% 


118.70% 


Ratio of Means 2 


148.02% 


189.72% 


105.59% 


Intra- Subject CV 3 


18.69% 


30.18% 


21.97% 


Degree of Freedom 


19 


19 


19 



1. 90% Geometric Confidence Interval using log- trans formed data 

2. Calculated using geometric means according to the formula: e ((test dmg) 
- (reference dnig)) x 100% 

3. Intra-subject coefficient of variation for log-transformed pharmacokinetic 
parameter 

Test: Treatment A: 1 LCP Tacro 2 mg Tablet (q.d.) 

Reference: Treatment B: 2 Advagraf ® 1 mg Capsules (q.d.) 

[0387] Summary statistics and comparison of pharmacoki- 
netic parameters of tacrolimus in healthy Caucasian male 
subjects, between treatments A and B, on day 10 



TABLE 20-8 

Treatment A Treatment B 



Parameter 


n 


Mean ± SD 


n 


Mean ± SD 


AUCTau' 


20 


142.27 ±49.41 


20 


94.15 ±28.24 


(ng ■ luvmL 




133.99 (34.73)* 




89.86 (29.99)* 


Cmax (ng/mL) 


20 


8.39 ± 2.89 


20 


7.00 ±2.04 






7.93 (34.51)* 




6.71 (29.21)* 


Cmin (ng/mL) 


20 


4.66 ± 1.71 


20 


2.80 ± 0.98 






4.35 (36.60)* 




2.64 (34.79)* 


Tmax (hr) 


20 


7.03 ±2.96 


20 


2.40 ±1.21 






6.03 (42.11)* 




2.16 (50.40)* 


Cavg (Dg/'mL) 


20 


5.93 ±2.06 


20 


3.92 ± 1.18 






5.58 (34.73)* 




3.74 (29.99)* 


Degree of 


20 


64.72 ± 22.97 


20 


110.22 ±28.20 


Fluctuation (%) 




60.92 (35.48)* 




106.46 (25.58)* 


Degree of 


20 


85.45 ±37.62 


20 


158.53 ±48.20 


Swing (%) 




78.16(44.03)* 




150.98 (30.40)* 


R 


20 


2.85 ± 0.64 


20 


2.80 ±0.86 






2.77 (22.42)* 




2.70 (30.85)* 



TABLE 20-8-continued 







Treatment A 




Treatment B 


Parameter 


n 


Mean ± SD 


n 


Mean ± SD 


Cmax/Cmin 


20 


1.85 ±0.38 


20 


2.59 ± 0.48 






1.82 (20.29)* 




2.54 (18.64)* 


TVa (hr) 


20 


37.97 ± 5.83 


20 


38.65 ± 5.69 


Kel (hr'^(-l)) 


20 


1.87E-02±2.76E-03 


20 


1.83E-02 ± 2.85E-03 



*Geometric mean (% C\^) 

Treatment A: 1 LCP Tacro 2 mg Tablet (q.d.) 

Treatment B: 2 Advagraf ® 1 mg Capsules (q.d.) 



[0388] Summary statistics and comparison of pharmacoki- 
netic parameters of tacrolimus in healthy Caucasian male 
subjects, between treatments A and B, on day 10 



TABLE 20-9 



AUCtau" 


Cmax Cmin 


90% Geometric CL* 137.43% to 1 


05.33% to 152.29% to 


16L12% 


127.73% 180.25% 


Riitio of Means** 148.80% 


115.99% 155.68% 


Intra-SubjectCV*** 13.98S''o 


16.99% 14.83% 


Degree of Freedom 17 


17 17 


tau = 24 hrs 




*90% Geometric Confidence Interval using log-transformed data 


**Calculated using geometric means according to the formula: e ((test dmg) 


- (reference drug)) x 100?/o 




*** Intra-subject coefficient of variation for log-transformed pharmacoki- 


netic parameter. 




Treatment A: 1 LCP Tacro 2 mg Tablet (q.d.) 




Treatment B: 2 Advagraf ® 1 mg Capsules (q.d.) 




Extended release composition, stabilized 


LCP-Tacro 2 mg 


Tacrolimus monohydrate (2.00 mg calculated on 


2.0400 mg 


the anhydrous basis) 




Excipients 




Butylated hydroxytoluene 


10.200 ^ig 


Dimethicone 350 


0.25500 ^g 


Hypromellose 2208 (15,000 cp) 


62.866 mg 


Lactose monohydrate 


41.727 mg 


Magnesium stearate 


1.5716 mg 


Opadry II white 85G18490 


4.7232 mg 


Poloxamer 1 88 


14.688 mg 


Polyethylene glycol 6,000 


34.272 mg 


Tartaric acid 


255.00 |ig 



Example 21 

[0389] Table disclosing dissolution of a preferred embodi- 
ment of the invention having a composition as demonstrated 
above in Example 20 and the dissohition of the commercial 
product Advagraf® used for comparison in Example 20. 
[0390] Release measured in percentage, dissolution 
method USP II dissolution test (paddle) method in a medium 
adjusted to pH 4.5 and comprising 0.005% hydroxy Ipropyl- 
cellulose, and a rotation of 50 rpm. The dissolution are dis- 
closed in FIG. 4. 
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Dissolution Extended Formulation 



Batch no. 



0988/2006 0989/2006 0990/2006 





1 mg 




2mg 




5mg 




Time, lirs 


assay 


RSD 


assay 


RSD 


Assay 


RSD 


1 


1.1 


31.5 


5 


12.9 


6.8 


14.2 


2 


7.2 


7.9 


7.9 


10.6 


10.1 


14.5 


3 


10.1 


15.4 


10.8 


12.3 


13.4 


18.2 


5 


18.1 


10.6 


15.4 


23.5 


20.4 


19.5 


9 


30.4 


13.2 


33.8 


33.5 


35.6 


16.1 


12 


45.3 


9.9 


48 


18.4 


43.3 


13.2 


15 


61.4 


9.1 


59.6 


10.2 


45.3 


10 


20 


74 


2.6 


68.4 


5.8 


47 


9.3 


24 


80.9 


3.5 


72.2 


3.7 


47.5 


7.6 



Formulation Advagraf 
Batch no. 



being clearly demonstrated by a less than 50% release at the 
12 hour time point, and less than 62% release at the 15 hour 
time point. As appears from Example 20, the pharmacoki- 
netic parameters are substantially improved with the 
extended release formulation according to invention in com- 
parison with the commercially available Advagraf® product. 
[0392] In addition, the extended release formulation 
according to the present invention may be provided in a much 
smaller tablet compared with Advagraf® as appears from the 
table below. 



Dosage from and Volume of dosage form, Ratio Advagraf:LCP- 

strengts mm3 Tacro (same strengts) 



Advagraf f3) 0.5 mg 180 

Advagraf® 1 mg 244 1.7 

Advagraf® 5 mg 927 2.7 

LCP-Tacro ™ 1 mg 140 

LCP-Tacro ™ 2 mg 140 

LCP-Tacro ™ 5 mg 346 



Example 22 

Extended Release Tacrolimus in De Novo Kidney 
Transplant Patients 

[0393] De novo kidney transplant patients were random- 
ized (1:1 ratio) within 12 hours after transplantation (Study 
Day 0) to receive either: 1) LCP-Tacro tablets (as outlined in 
Example 20 and the dissolution demonstrated in Example 21) 
orally once daily in the morning, with an interval of 24±1 
hours between doses, startuig at 0. 14 mg/kg (the starting daily 
dose for Black patients was 0.17 mg/kg), or 2) Prograf cap- 
sules in two equall}^ divided doses, starting at 0.1 mg/kg every 
12 hours (0.2 mg/kg total daily dose) as currently recom- 
mended in the U.S. Prescribing Information (Astellas Pharma 
US, April 2006, NDA no. 050708). A 24-hour pharmacoki- 
netic (PK) assessment was performed on Study Days 1 , 7 and 
14. Study Day 1 was defined as the day on which the first 
morning (AM) dose of study drug was given, which had to be 
within 48 hours of transplantation. Results are shown in table 
22. 

TABLE 22 



LCP-Tacio ™ Prograf (g 



Parameter Day n Mean ± SD n Mean ± SD 



c 


1 


31 


11.56 ±6.83 


30 


23.41 ±11.10 


(ng/mL) 






9.52 (59.11) 




20.83 (47.41)* 




7 


29 


27.41 ± 17.53 


28 


24.12 ±12.78 








23.11 (63.95)* 




20.97 (52.99)* 




14 


28 


28.21 ± 13.68 


28 


20.27 ± 6.49 








25.65 (48.51)* 




19.15 (32.04)* 


Cmin 


1 


31 


5.80 ±3.73 


30 


9.22 ±4.35 


(ng/mL) 






4.90 (64.20)* 




8.27 (47.18)* 




7 


29 


10.58 ±7.18 


28 


10.35 ±5.16 








8.92 (67.90)* 




9.39 (49.92)* 




14 


28 


10.37 ±4.24 


28 


8.12 ±3.13 








9.51 (40.84)* 




7.45 (38.57)* 


Tmax 


1 


31 


11.97 (4.02,24.00)** 


30 


4.00 (0.98, 24.00)= 


(hr) 


7 


29 


6.00 (1.52, 12.10)** 


28 


1.61 (0.50,24.00)= 




14 


28 


4.00(1.33,8.07)** 


28 


1.88 (0.50, 14.05)' 



OM4001A 1M6002A 5M4002A 



Time, his 


0.5 mg 
assay 


RSD 


1 mg 
assay 


RSD 


5mg 
assay 


RSD 


1 


15.9 


4.6 


21.2 


24.5 


13.6 


19.1 


2 


27.2 


11.3 


30.9 


29.4 


29.2 


9.6 


3 


37.3 


15 


39.2 


24.9 


36.2 




5 


48.5 


13 


45.8 


21.5 


46 


7.4 


9 


61.2 


7.3 


58 


16.8 


57.1 


7.1 


12 


65 


9.3 


63 


15.7 


60.2 


4.4 


15 


70.4 


9.9 


66.6 


14.7 


63.6 


7.8 


20 


71.3 


9.7 


69.3 


13.4 


67 


6.4 


24 


74.1 


7.4 


68.1 


15.3 


69.3 


6.6 



[0391] As appears from the dissolution, the extended 
release formulation according to the present invention pro- 
vides a much longer and more extended profile with consid- 
erable lower release initially, for instance demonstrated by 
lower than 25% release at the 5 hour time point, despite a 
release at 3 hours which are at least 10%. Additionally, the 
curve profile according to the present invention has a substan- 
tial zero order release and a very extended release. The latter 
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TABLE 22-continued 









LCP-Tacro ™ 




Prograf ® 


Parameter 


Day 


n 


Mean ± SD 


n 


Mean ± SD 


Cavg 


1 


30 


5.47 ±3.20 


29 


10.59 ± 4.43 


(ng/mL) 


7 


27 


13.31 ±5.16 


28 


11.90 ±4.09 




14 


28 


14.55 ±4.66 


28 


10.61 ±3.34 


Degree of 


1 


30 


89.90 ± 65.56 


29 


137.61 ±77.01 


fluctuation (%) 


7 


27 


135.95 ± 121.44 


28 


107.74 ± 76.92 




14 


28 


131.10 ±98.50 


28 


122.60 ±59.98 


Degree of 


1 


31 


118.07 ±110.07 


30 


181.76 ± 126.72 


swii^ (%) 


7 


29 


215.52 ± 244.56 


28 


152.79 ± 135.61 




14 


28 


210.18 ± 182.42 


28 


174.49 ± 100.91 


AUCR Day 7 to 


1-7 


26 


4.30 ± 7.03 


27 


1.32 ±0.69 


Day 1 












AUCR Day 14 to 


1-14 


28 


4.37 ±5.26 


28 


1.19 ±0.59 


Day 1 












AliCR Day 14/ 


7-14 


27 


1.21 ±0.51 


28 


1.04 ±0.56 


Day 7 













* Geometric mean (% CV) 
**Median (Range) 

AUCR is the accumulation ratio of AUCt on the day shown to day 1 



[0394] The AUCq.^ for LCP-Tacro is significantly lower 
than that for Prograf® for the first day after transplantation 
(The dose uncorrected LCP-Tacro AUC,)_^ on Day 1 in the 
present was 131.M±76.78 versus 253^45±106.58 (ng-lir/ 
mL)). However, for reduction of initial overinmiimesuppres- 
sion this is considered an advantage especially if the patients 
receives induction therapy and corticosteroids. According to 
the present invention, a target through value of 5-10 ng/mL 
(immunoassay method) is considered an optimal treatment 
compared with the extended release formulation according to 
the invention. Preferable in combination with a mycopheno- 
late regimen with 1 gram twice daily administered in the form 
of mycophenolate mofetil (CellCept(S)) NDA no. 050722 and 
050723 or a dosage form with an equivalent amount of myco- 
phenolic acid such as Myfortic® NDA no 050791 (including 
generics thereto) 

[0395] Examples of immunoassays for tacrolimus trough 
value measurements: 



Tacrolimus Trough Method 

Microparticle Enzyme Immunoassay (MEI) (Abbott) 
Cedia Cloned Enzyme Donor Immunoassay 



-continued 



Tacrolimus Trough Method 

Siemens Dimension methodology 
Enzyme immunoassay 
Abbott IMX 

Microparticle Enzyme Immunoassay (MEI) (Abbott) 

ARCHITEC tacrolimus assay - chemilummescent immunoassay (CMIA) 

Abbott Imx 

Cedia Cloned Enzyme Donor Immunoassay 



[0396] From the below Table (Table 23) it appears that a 
higher proportion of the patients obtain the target trough 
concentration according to the present invention of 5-10 
ng/mL. 

[0397] The table also shows that approximately two-thirds 
of the patients treated with LCP-Tacro are within the 5-7 
ng/mL range after the first dose of LCP-Tacro and by Day 3 
over 80% of the patients treated with LCP-Tacro were above 
the minimum 5 ng/'mL level. 



TABLE 23 



Proportion of patients within and outside of a target concentration of 5-10 ng/mL (No (%)) 



Trough 



(ng/mL) Study drug 


Day 2 


Day 3 


Day 4 


Day 7 


Day 10 


Day 12 


Day 14 


<5 


LCP-Tacro 


8 (26.7) 


6 (20.0) 


5 (1.7) 


3 (9.7) 


0 (0.0) 


0 (0.0) 


1 (3.4) 




Prograf® 


1 (3.6) 


2 (6.7) 


2 (7.7) 


2 (6.5) 


0 (0.0) 


1 (3.7) 


2 (6.9) 


5-10* 


LCP-Tacro 


14 (46,7) 


13 i:43.3) 


11 (36.7) 


12(38.7) 


6 (24.0) 


5 (25.0) 


7 (24.1) 




Prograf® 


12 (42.9) 


9 (30.0) 


8 (30.8) 


9 (29.0) 


10 (38.5) 


6 (22.2) 


11 (37.9) 


>10 


LCP-Tacro 


8 (26.7) 


11 (36.7) 


14 (46.7) 


16 (51.6) 


19 (76.0) 


15 (75.0) 


21 (72.4) 




Prograf ® 


15 (53.6) 


19 (63.3) 


16(61.5) 


20 (64.5) 


16 (61.5) 


20 (74.1) 


16 (55.2) 
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Example 23 

Clinical Studies with an Extended Release Fonnula- 
tion According to the Present Invention 

Table A 

[0398] Table A is a list of initial Clinical studies with an 
extended release fonnulation according to the present inven- 
tion. The list includes the improved pharmacokinetic param- 
eters obtained with an extended release formulation accord- 
ing to the present invention and claimed herein. 



tolerated. Overall, this study demonstrated an in vivo 
extended release profile of LCP-Tacro tablets with release in 
all parts of the colon, and absorption of tacrolimus from distal 
parts of the gastrointestinal tract. The scintigraphic pictures 
are disclosed in FIG. 2 where pictures are taken 0.02, 0.53, 
4.32, 4.57, 1 1 .23, and 23.32 hours post-dose respectively. 

Multi-Dose, Steady-State, Comparative PK Study (Studv 
004): 

[0401] Study 004 is a multi-dose, steady-state comparative 
pharmacokinetic study of LCP-Tacro 2 mg q.d. vs. Prograf® 



TABLE A 



Cmax Cmiiil2 Cmin24 Kel Tmax TYi 

LCP Fasted 

Study 002 10.05 ±3.99 6.92 4.32 0.0217 8.55 ± 2.72 31.95 

Study 003 3.62 NA NA NA 6.71(0.5-12) 39.04 

Study 004 2.82 ±0.96 2.42 ± 0.87 1.83 ± 0.72 NA 9.69 ± 4.90 NA 

Study 005 14.31 ±4.29 6.504±2.58 4.09 ± 1.70 2.07E-02 5.17 ± 1.68 35.14 ± 8.37 

Piograf ® Fasted 

Study 002 32.75 1:9.65 3.508 2.268 0.0208 1.63 ± 0.43 33.16 

Study 003 NA NA NA NA NA NA 

Study 004 5.26 ±1.28 0.63 ±0.18 NA NA 1.38 ± 0.42 NA 

Study 005 31.76 ±8.81 4.24 ± 1.73 3.13 ± 1.14 2.05E-02 1.38 ± 0.34 34.86 ± 7.04 



Plasma profiles from the studies shown in Tables A and B are 
shown in FIG. 3. 

TABLE B 

Subjects Title 



Study 002 


12 


2-way cross-over; single-dose, fasting; LCP- 
Tacro tablets 2x2 mg modified release vs. 
Prograf capsules 4x1 mg (tacrolimus) 


Study 003 


6 


2-way replicated design; single-dose, fasting, 
colon-absorption study on LCP-Tacro 2 mg 


Study 004 


13 


2-\vay crossover, multi-dose, fasting, relative 
bioavailability study; LCP-Tacro tablets 2 mg 
q.d. vs. Prograf capsules 2 x 1 mg b.i.d. 



Single-Dose, Comparative PK Study (Study 002): 

[0399] Study 002, a single-dose comparative pharmacoki- 
netic study of LCP-Tacro 4 mg (2x2 mg tablets) vs. Prograf® 
4 mg (4x1 mg capsules) demonstrated comparable AUC for 
both products when administered mider fasting conditions. 
However, they differ in their rate of absorption when admin- 
istered in the fasted condition, being slower and more sus- 
tained for the test fonnulation, LCP-Tacro. The longer T^^ 
for LCP-Tacro tablets (test; HPMC) vs. Prograf® capsules 
(tacrolimus; reference) (8.55 h vs. 1 .63 h) combined with the 
lower C,„,,^((l 0.05 ng/'ml vs. 32.75 ng^ml) and lower AUC(0- 
>24) (122.4 ngni/niL vs. 157.95 ng*h/mL), supports a once- 
a-day dosing for LCP-Tacro tablets compared to Prograf® 
capsules (tacrolimus) 

Study 003: 

[0400] Study 003 was designed as a replicate scintigrapliic 
absorption study in 8 healthy volunteers to evaluate the transit 
time, pharmacokinetic profile and site of release of LCP- 
Tacro 2 mg tablets, radiolabelled with a maximum of 1 MBq 
153 Sm. In this study, an extended release profile could be 
-6.1 hours. LCP-Tacro was well 



2x1 mg b.i.d in 14 healthy volunteers. This stud}^ demon- 
strated clearly a once-a-day profile of LCP-Tacro versus Pro- 
graf® b.i.d. In addition, this study demonstrated superior 
bioavailability of LCP-Tacro tablets given once-a-day com- 
pared to Prograf® capsules given twice-a-day. Upon admin- 
istration of LCP-Tacro 2 mg tablets (q.d.) and Prograf® 1 mg 
capsules (b.i.d.) for 10 successive days, there were no signifi- 
cant differences obser\^ed in the morning pre-dose concentra- 
tions between Days 7, 8, 9, and 10, therefore steady state was 
maintained since Day 7. At steady state, the systemic expo- 
sure over the period of 24 hours of LCP-Tacro 2 mg Tablets 
(q.d.) was about 50% higher than that of Prograf 1 mg cap- 
sules (b.i.d.). The time to peak concentration between the 
single and multiple doses of LCP-Tacro 2 mg q.d. and Pro- 
graf® 2x1 mg b.i.d was similar for both treatments. As 
expected due to the extended release profile according to the 
invention, the LCP-Tacro 2 mg tablets (q.d.) had higlier C^^„ 
values and lower degree of fluctuation than that of the imme- 
diate-release Prograf® 1 mg capsules (b.i.d.). Tliere was no 
significant difference observed in C^^ between the 2 treat- 
ments, as shown below in table 25. 

TABLE 25 

Pharmacokiiietic Parameter Summary of Studv 004 

Geometric Mean (% CV) 
Arithmetic Mean ± SD 



LCP-Tacro 

2 mg Tablets 
(Aril = 13) 



1 mg Capsules 
(B;n = 13) 



AUCt (ng ■ hr/mL) 
AUCo_24 (ng ■ hr/mL) 
C^x(ng/mL) 



(34.98) 
115.07 ±40.25 
Not applicable 

6.42(36.55) 
6.80 ± 2.49 



(34.26) 
43.65 ± 14.95 
72.95 (34.40) 
76.93 ± 26.46 
6.71 (31.30) 
7.02 ± 2.20 
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TABLE 25 -continued 



Phamiacokinetic Parameter Summary of Study QQ4 

Geometric Mean (% CV) 
AiitJimetic Mean ± SD 



LCP-Tacro Prograf® 
2 mg Tablets 1 mg Capsules 

(A;n = 13) (B;n=13) 



C^,„(ng/mL) 


3.12 (35.20) 


2.00 (40.51) 




3.31 ±1.17 


2.14 ±0.87 


T_.(hr)* 


8.00 (6.00-10.02) 


1.50(1.00-2.00) 


ti/2 (hr) 


32.93 ± 2.66 


32.59 ±4.08t 




2.12 ±0.51 


3.43 ± 0.75 


*median (min-max); 






tii= 12 








TABLE C 




List of additional Studies 



Study No/ 
Phase Subjects Title 



Study 1011 


30 


A two-way crossover single-dose study of 
LCP-Tacro 5 mg tablet vs. Prograf 5 mg 
capsule 


Study 1012 


25 


A two-way crossover, open-label, multi-dose, 
fasting relative bioavailability study of LCP- 
Tacro 2 mg q.d. vs. Prograf 1 mg b.i.d. x 10 
days 


Study 1013 


25 


A single-dose, dose- linearity study of LCP- 
Tacro 5 mg vs. 7 mg vs. 10 mg 


Study 1014 


26 


A single-dose chrono-pharmaco-kinetic study 
of LCP-Tacro 2 mg tablets administered 

morning vs. evening 


Study 1015 


17 


A single-dose relative hioavail-abilit^^ study of 
LCP-Tacro 1 mg tablet vs. Prograf 1 mg 
capsule 


Study 1016 


28 


A two-way crossover, open-label, multi-dose, 
fasting relative bioavailability study of LCP- 
Tacro 2 mg q.d. vs. Prograf 1 mg b.i.d. x 10 
days 



Multi-Dose, Steady- State, Comparative PK Study (Study 
1012): 

[ 04 02] This study evaluated and compared the bioavailabil - 
ity of tacrolimus from a test formulation of LCP-Tacro 2 mg 



tablets taken once daily (q.d.) in group A versus the reference 
Prograf 1 mg capsules taken twice daily (b.i.d.) in group B, 
under multiple-dose, fasting conditions. The study popula- 
tion consisted of 30 healthy volunteers receiving study treat- 
ment for a period of 10 days followed by a two-week wash- 
out and subsequent crossover between study groups. Twenty 
five patients were evaluable for this study. The pharmacoki- 
netics of tacrolimus on Day 10 are summarized in Tables 
26-27 below. 

TABLE 26 



Pharmacokinetic parameters for tacrolimus on Day 10 (Study 1012) 

Geometric Mean (% CV) 
Arithmetic Mean ± SD 





LCP-Tacro 


Prograf ® 


Pharmacokinetic 


2 mg Tablets 


1 mg Capsules 


Parameters 


(A; q.d.; n = 25) 


(B; b.i.d.; n = 25) 


AUCO-12 


70.71 (27.94) 


48.98 (44.05) 


(ng ■ hr/mL) 


73.65 ±20.58 


54.22 ± 23.88 


AUC12-24 


54.81 (31.10) 


36.48 (43.15) 


(ng • hr/mL) 


57.72 ± 17.95 


40.28 ± 17.38 


Cmax (ng/mL) 


7.49 (31.74) 


8.06 (40.91) 




7.85 ± 2.49 


8.72 ± 3.57 


C12 (n&^mL) 


5.68 (31.88) 


2.47 (46.73) 




6.00 ±1.91 


2.78 ± 1.30 


Cavg (ng/mL) 


5.24 (29.04) 


3.57 (42.80) 




5.47 ±1.59 


3.94 ± 1.68 


Tmax (hr)* 


6.00 (1.00-10.00) 


1.50 (1.00-13.00) 


AUC0-12/C12 (hr) 


12.44 (13.44) 


19.82 (11.53) ' 




12.54 ±1.68 


19.94 ± 2.30 


AUCt/Cmm (hr) 


32.00 (6.83) 


32.14 (11.25) 




32.07 ± 2.19 


32.34 ±3.64 


AUC12-24/Cmm (hr) 


13.96 (5.70) 


13.69 (13.13) 




13.98 ± 0.80 


13.80 ± 1.81 



*median (min-max) 



TABLE 27 



Relative bioavailability assessments for 
tacrolimus on Day 10 (Study 1012) 



Ratio of Intra- 
Parameter 90% C.L Means Subject CV 



AUCt 13 1.49% to 162.84% 146.33% 22.31% 

Cmin 13 1.27% to 163.97% 146.71% 23.22% 



TABLE 28 



Summary- of phamiacokmetic parameters for study 1013 
(Dose proportionality, NHV, n = 25). 



AUC0-12(ng- hr/mL) 
AUC0-24(ng- hr/mL) 
AUCO-t (ng ■ hr/mL) 
AUCO-inf (ng ■ hr/mL) 
Cmax (ng/mL) 
Tmax (hr) 
C24 (ng/mL) 



Treatment A 
1x5 mg 



88.23 ± 32.87 
143.00 ± 54.23 
303.55 ± 133.60 

324.46 ± 143.52 
12.21 ±4.84 
5.18 ± 2.36 
3.91 ± 1.74 



Treatment B 
1x5 mg -I- 1 X 2 mg 



125.33 ±44.96 
212.69 ±77.30 
449.63 ± 173.51 

473.40 ±182.86 
16.73 ±5.22 
5.63 ±2.53 
6.11 ±2.57 



Treatment C 
2x5 mg 



186.15 ±56.81 
307.05 ± 98.07 
648.81 ± 224.20 

687.68 ±241.22 
24.91 ±7.15 
5.76 ± 1.39 
8.63 ± 3.43 
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Study 1014 (Diurnal Variability, NHV): 

[0403] This study investigated the pharmacokinetic profile 
of tacrolimus after administration of LCP-Tacro 2 mg in the 
morning vs. evening in 26 male and female healthy volunteers 
under fasting conditions. The study consisted of two eight- 
day periods separated by at least a two -week washout period 
between treatments. The mean pharmacokinetic parameters 
are summarized in Table 29 below. 

TABLE 29 

Summary of Phaxmaco kinetic Parameters from study 1014 



Evening Dose Morning Dose 

1x2 mg, n = 26 1x2 mg, n = 25 



AUCq., (ng ■ hr/mL) 


61.65 ±24.31 


113.10 ±41.89 


AUCo.12 (ng • 


hr/mL) 


28.18 ±8.28 


29.85 ±9.20 


AUCo_24 (ng ■ 


hr/mL) 


50.51 ± 14.74 


54.50 ±16.80 


AUCo_,„^(ng ■ 


MmL) 


106.74 ±35.11 


124.78 ±42.82 


(ng/'mL) 




4.39 ± 1.21 


4.20 ±1.46 


T_-(lir) 




6.77 ± 2.69 


6.66 ± 2.79 


C24 (ng/mL) 




1.34 ±0.52 


1.69 ±0.67 


TABLE 30 


study 1014 - Diurnal variabilit\% NHV 




Ratio of means (%) 


Intra-subject CV (%) 


AUCO-t 




86.93 


39.48 


AUCO-12 




97.95 


26.91 


AUCO-24 




95.67 


26.67 


AUCO-inf 




87.64 


35.56 


Cmax 




109.65 


29.49 



Study 1015 

[0404] This study compared the rate and extent of absorp- 
tion of tacrolimus after LCP-Tacro 1 mg tablet vs. Prograf® 
(tacrolimus) 1 mg capsule under fasting conditions in 17 
normal health)'^ male or female subjects. The study consisted 
of two eight-day periods separated by at least a two-week 
washout period between treatments. Pharmacokinetic results 
are suimnarized in Table below. The longer T^^^ for LCP- 
Tacro tablets (8 .78 h vs . L39 h) combined with the lower 
(2.54 ng/mL vs. 7.04 ng/mL) and lower AUC(O-inf) (71.82 
ng*h/mL vs. 50.18 ng*h/mL), supports a once-a-day dosing 
for LCP-Tacro tablets compared to Prograf® capsules (tac- 
rolimus). 



LCP-Tacro vs. Proeraf, NHV, n = 


17 




LCP-Tacro 


Prograf® 




1x1 mg tablet 


1x1 mg capsule 


AUCO-t (ng • hr/mL) 


61.65 ± 24.31 


36.15 ±22.71 


AUCO-12 (ng ■ hr/mL) 


16.43 ± 5.98 


22.93 ± 10.64 


AUCO-24 (ng ■ hr/mL) 


31.21 ± 8.90 


28.77 ± 13.75 


AUCO-inf (ng ■ hr/mL) 


71.82 ±26.52 


50.18 ±28.38 


Cmax (ng/mL) 


2.54 ± 1.03 


7.04 ±3.56 


Tmax (hr) 


8.78 ± 5.05 


1.39 ±0.50 


C24 (ng/mL) 


1.04 ±0.36 


0.46 ± 0.25 





Study 1015 - Diurnal vmabi 


litY, NHV, n = 17 




Ratio of means (%) 


Intra-subject CV (%) 


AUCO-t 


187.29 


58.06 


AUCO-12 


74.89 


42.87 


AUCO-24 


116.97 


40.10 


AUCO-inf 


154.08 


50.73 


Cmax 


37.63 


51.81 



[0405] Exposure to tacrolimus is significantly higher after 
LCP-Tacro tablets than after Prograf capsules, with reduced 
peak/trough fluctuation and delayed Tmax in NHV. The 
results are consistent with other PK data obtained with the 
extended release formulation according to the present inven- 
tion. 

[0406] The release time for the extended release dosage 
forms according to the invention used in the clinical trials 
described herein all provides an extended release profile 
where less than 63.5% is released within 15 hours. A relevant 
release profile in this respect is demonstrated in FIG. 1 tested 
according to the USP II dissolution test (paddle) in a medimn 
at pH 4.5 and comprising 0.005% hydroxypropylcellulose, 
and a rotation of 50 rpm. 

Example 24 

[0407] A phase 1, two-way crossover, open label, multi- 
dose, bioequivalence study comparing the pharmacokinetics 
(Cmax, C24, and AUCtau), and safety of LCP-Tacro Tablets 
versus Advagraf® Capsules in steady state, fasting conditions 

was conducted. 

[0408] Twenty healthy male volunteers were randomized 
to receive either one LCP-Tacro 2 mg tablet or two Adva- 
graf® 1 mg Capsules daily for 10 days. Mxqy a two week 
washout period, each subject then received the alternative 
treatment. The PK profile after 10 days of each treatment is 
illustrated in the FIG. 7 and demonstrate that LCP-Tacro 
Tablets provide approximately 50% greater bioavailability^ of 
tacrolimus than a comparable dose of Advagraf®. The PK 
profile of the LCP-Tacro Tablets also supports once-a-day 
administration. 

[0409] Patents, patent applications, publications, product 
descriptions, and protocols which are cited throughout this 
application are incorporated herein by reference in their 

entireties. 

[0410] The embodiments illustrated and discussed in this 
specification are intended only to teach those skilled in the art 
the best w^ay known to the inventors to make and use the 
invention. Nothing in this specification should be considered 
as limiting the scope of the present invention. Modifications 
and variation of the above -described embodiments of the 
invention are possible without departing from the invention, 
as appreciated by those skilled in the art in light of the above 
teachings. It is therefore understood that, within the scope of 
the claims and their equivalents, the invention may be prac- 
ticed otherwise than as specifically described. 

1. Ar extended release oral dosage form for once daily 
innnuno suppressive treatment of a patient in need thereof, 
comprising tacrolimus or an pharmaceutical active analogue 
thereof as an active substance, 
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wherein 63.5% or less of the active substance is released at 
the 12 hours time point and at least 8% of the active 
substance is released at the 4 hours time point, 

when tested according to the USP 11 dissolution test 
(paddle) or USP I dissolution test (basket) method at a 
rotation of 50 rpm in a medium at pH 4.5 comprising 
0.005% hydroxypropylcellulose. 

2. (canceled) 

3. An extended release oral dosage form according to claim 
1, wherein the 

dosage form releases the active substance with an substan- 
tial zero order release profile over an extended period of 
time defined by the release from the 8 hours time point to 
the 1 5 hours timepoint 

when tested according to the USP II dissolution test 
(paddle) or USP I dissolution test (basket) form in a 
medium at pH 4.5 and comprising 0.005% hydroxypro- 
pylcellulose, and a rotation of 50 rpm, the substantial 
zero order release being defined as a linear release pro- 
file with a deviation of at the most +/-15%. 

4-6. (canceled) 

7. Tlie extended release oral dosage form according to 
claim 1, 

wherein 63.5% or less of the active substance is released 
when measured at the 20 hour time point. 

8. (canceled) 

9. The extended release oral dosage form according to 
claim 1, 

wherein 20% w/w of the active substance or less is released 
within 1 hour. 

10. The extended release oral dosage form according to 
claim 1, wherein 40% w/w of the active substance is released 
within 10 to 14 hours. 

11-18. (canceled) 

19. The extended release dosage form according to claim 1, 
wherein the active substance is present as a molecular disper- 
sion. 

20. The extended release dosage form according to claim 1, 
wherein the release of the active substance is controlled by the 

dissolution or erosion of a polymer. 
21-40. (canceled) 

41. The extended release oral dosage form according to 
claim 1, wliich when administered once daily in steady state 
to a healthy subject or a patient, the swing of the blood 
concentrations of tacrolimus measured as (C^^-C^j„)/C^,.„ 
is less than the swing observed when administering either the 
Advagraf® or Prograf® dosage form or a bioequivalent 
extended release dosage form of tacrolimus in a once daily 
regimen and being determuied under similar conditions and 
admmistered in similar molecular daily dosages of the tac- 
rolimus. 

42-46. (canceled) 

47. The extended release dosage form according to claim 1, 
wherein the active substance is present in a hydrophilic or 
water-miscible vehicle wherein the vehicle is selected from 
the group consisting of a polyethylene glycol, a polyoxyeth- 
ylene oxide, poloxamer, polyoxyethylene stearate, poly-ep- 



silon caprolactone, polyglycolized glycerides, polyvinylpyr- 
rolidone, polyvinyl-polyvinylacetate copolymer, polyvinyl 
alcohol, polymethacrylic polymer hydroxypropyl methylcel- 
lulose, hydroxypropyl cellulose, methylcellulose, sodium 
carboxymethylcellulose, hydroxyethyl cellulose, a pectin, a 
cyclodextrin, galactomannan, alginate, carragenate, xanthan 
gum, and mixtures thereof. 

48. (canceled) 

49. The extended release dosage form according to claim 
47, wherein the veliicle comprises a mixture of polyethylene 
glycol (PEG) and poloxamer. 

50. (canceled) 

51 . The extended release dosage form according to claim 

49, wherein the mixture comprises a polyethylene glycol and 
a poloxamer in a proportion of between 1:3 and 10:1 . 
52-55. (canceled) 

56. A method for providing iimmmo suppressive treatment 
of a patient in need thereof, comprising administering to the 
patient in a once daily regimen, the dosage form of claim 1. 

57. The method according to claim 56 for the treatment or 
prevention of delayed rejection. 

58. The A method according to claim 56, for the treatment 
or prevention of acute rejection. 

59-68. (canceled) 

69. The method according to claim 56, wherein the patient 
suffers from peak concentration related side effects, where 
the side effect is development of hypertension. 

70. The A method according to claim 56, for treating a de 
novo transplanted patient whereby high blood concentrations 
during titration are avoided further avoiding or extending the 
time before high concentrations are reached in organs accu- 
mulating tacrolimus. 

71. (canceled) 

72. The method according to claim 70 wherein the organ is 
selected from adrenal gland, lung, heart, liver, gastrointesti- 
nal tract and kidney. 

73-74. (canceled) 

75. A method for initial treatment of a de novo organ 
transplant patient with tacrolimus comprising administering 
the dosage form of claim 1 once a day, wherein the oral 
dosage form provides a systemic exposure on day 1 which is 
at least 50% of the exposure obtained at day 1 after adminis- 
tration of the same daily dose administered as an immediate 
release oral dosage form of tacrolimus administered twice a 
day. 

76. (canceled) 

77. The method of claim 75, wherein the oral dosage form 
provides a systemic exposure on day 1 which is at least 100% 
of the exposure obtained at day 1 after administration of the 
same daily dose administered as an extended release oral 
dosage form releasing more than 30%) of the tacrolimus 
within 5 hours. 

78-79. (canceled) 

80. The method according to claun 75. wherein Tmax on 
day 1 of the treatment is between 4 hours and 24 hours. 
81-95. (canceled) 

« « « « « 



